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PREFACE. 


This  Treatise^  while  intended  as  a  sequel  to  the  Author's 
"Introductory  Text-Book,"  has  been  prepared  throughout 
as  a  separate  and  independent  work.  The  purpose  of  these 
Text-Books  is  briefly. this :  The  "Introductory"  is  meant  to 
exhibit  an  outline  of  Gleology  intelligible  to  beginners,  and 
sufficient  for  those  'who  wish  to  become  acquainted  merely 
with  the  leading  facts  of  the  science ;  the  "  Advanced,"  on  the 
other  hand,  presents  the  subject  in  detail,  and  is  intended  for 
senior  pupils  and  those  who  desire  to  prosecute  the  study  in 
its  principles  as  well  as  deductions.  Though  thus  prepared 
on  the  same  plan,  and  the  one  but  an  extension  and  develop- 
ment of  the  other,  they  are  both  independent  elementary 
works,  and  may  be  taken  separately  or  in  sequence,  according 
to  the  progress  and  purpose  of  the  student.  This  much  may 
be  said,  that  he  who  has  mastered  the  Introductory  will  have 
nothing  to  unlearn  when  he  comes  to  study  the  Advanced, 
while  his  acquisition  of  the  science  will  have  been  rendered 
much  more  easy  and  agreeable.  The  Author  has  a  strong 
conviction  on  this  point.  In  teaching  the  construction  of 
the  steam-engine,  for  instance,  the  most  natural  course  is  to 
explain,  in  the  first  place,  its  more  prominent  features — its 
boiler,  steam-pipe,  cylinder,  piston,  crank,  and  fly-wheel; 
and  when  the  learner  has  acquired  a  knowledge  of  the  rela- 
tions of  these  parts,  and  the  force  which.  &eta  ^exo.  m  TCk!^Nsv.QTi^ 
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then  to  proceed  to  the  more  intricate  connection  of  valves, 
condenser,  hot-well,  air-pump,  eccentric  rods,  governor,  and 
other  complicated  machinery.  By  adopting  this  course,  no 
confusion  is  created  in  the  mind  of  the  learner ;  he  is  im- 
pressed with  gradual  and  permanent  convictions;  has  nothing 
to  unlearn ;  and  may  at  length  proceed  with  some  degree  of 
confidence  to  estimate  the  power  of  the  entire  machine,  as 
depending  on  the  consumption  of  fuel,  the  elasticity  of  steam, 
the  dimensions  of  the  several  parts,  and  the  force  lost  through 
friction.  So  it  is  with  every  science:  Let  an  outline  he 
given  of  its  leading  features,  that  the  heginner  may  arrive 
at  some  notion  of  its  purport  and  hearings ;  let  this  he  fol- 
lowed hy  the  details ;  and  the  details  hy  the  higher  reason- 
ings and  philosophy  of  its  prohlems.  Under  this  conviction 
these  volumes  have  heen  prepared ;  and  it  will  he  a  source 
of  unmingled  satisfaction  to  the  Author  to  find  his  views 
corrohorated  hy  the  experience  of  intelligent  and  competent 
teachers. 

One  word  to  those  who  may  ohject  that  these  Text-hooks 
do  not  contain  enough  of  the  *^  hard  facts  "  of  the  science.  It 
had  heen  an  easy  matter  for  the  Author  to  have  loaded  his 
pages  with  minute  mineral  distinctions,  enumeration  of  lo- 
calities, and  lists  of  fossil  species ;  hut  had  he  done  so,  he 
could  not  have  chosen  a  more  effectual  plan  to  disgust  the 
learner  and  retard  his  progress.  What  he  has  aimed  at  was 
the  production,  not  only  of  class-hooks  for  schools,  hut 
readahle  manuals  for  self-instruction — ^treatises  that  in  their 
readahleness  might  imhue  the  student  with  the  spirit  and 
methods  of  Geology,  rather  than  cram  him  with  its  details, 
many  of  which,  in  the  progressive  state  of  the  science,  are 
merely  temporary  and  provisional.  Once  furnished  with  pro- 
per methods,  and  imhued  with  the  right  spirit,  the  earnest 
student  has  in  general  little  difficulty  with  details — every 
acquisition  of  his  own  not  only  widening  the  hasis  of  his 
knowledge,  hut  increasing  his  power  to  master  new  difficul- 
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ties  as  these  may  arise  in  the  conise  of  his  onward  progress. 
Still  more  to  foster  this  spirit,  the  Author  has  endeavoured 
to  write  as  he  would  have  spoken  to  a  junior  companion  in 
the  field — ^hopefully  and  encouragingly,  yet  not  disguising 
the  real  difficulties  that  lie  in  the  way — treating  the  subject 
as  one  to  which  the  humblest  observer  may  contribute  his 
mite,  rather  than  attempting  to  propound  authoritatively  on 
problems,  the  satisfactory  solution  of  which  involves  a  much 
wider  range  of  observation,  and  deeper  and  more  exact  re- 
search, than  Geology  as  yet  can  boast  o£ 

Yet  another  word :  The  Author  requests  his  brother  geo- 
logists who  may  glance  over  these  pages  to  remember  that 
they  are  not  intended  to  contain  an  exposition  of  his  own 
peculiar  views,  but  rather  to  exhibit  an  elementary  outline 
of  the  science  as  now  established  by  the  leading  workers  in 
Britain,  France,  Germany,  and  America.  The  main  object 
has  been  to  render  the  student  such  assistance  as  will  enable 
him  to  proceed  in  the  field  as  a  practical  observer,  and  to 
read  with  appreciation  the  higher  treatises,  special  mono- 
graphs, papers,  and  new  discoveries  of  others.  To  further 
this  object,  mention  is  made,  at  the  end  of  each  section,  of 
the  principal  works  devoted  to  the  department  in  question ; 
to  have  done  more  would  have  been  to  enter  on  the  field  of 
speculative  geology — ^a  subject  that  lies  beyond  the  scope  of 
an  Educational  Textbook. 

GiLHOBE  PlAOB,  EdINBUBOH, 

March  1856. 
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SIXTH    EDITION. 

This  Edition  has  been  eidaiged'— first,  to  embrace  whatever 
is  new  and  important  in  the  science ;  second,  to  afford  space 
for  additional  illustration ;  and,  third,  to  combine,  as  far  as 
possible,  the  Principles  with  the  Deductions  of  Geology.    We 
reason  our  way  to  the  Past  through  our  knowledge  of  the 
Present,  and  our  descriptions  of  former  epochs  become  more 
intelligible  and  impressive  when  viewed  through  the  medium 
of  existing  phenomena.     For  this  purpose  there  have  been 
inserted  such  notices  of  operations  now  in  progress  as  seem  to 
bear  on  the  subjects  under  review — and  this  in  subordinate 
type,  and  in  such  a  form  as  not  to  interfere  with  the  con- 
tinuity of  the  original  textual  arrangement.     These  small- 
type  paragraphs  should  be  read  with  care  by  the  student,  for 
in  them  he  wiU  frequently  find  the  key  to  the  geological 
problem  he  is  endeavouring  to  unraveL     On  the  whole,  it 
has  been  the  aim  of  the  Author  to  improve  rather  than  en- 
large— ^to  render  the  volume  still  more  acceptable  as  a  syste- 
matic vehicle  of  instruction,  believing  it  is  only  by  concise 
and  methodical  arrangement  that  a  science  so  extensive  in 
its  scope  and  so  varied  in  its  details  as  Geology  can  be 
treated  within  the  limits  of  an  Educational  Text-book.    And 
this  concise  and  sequential  treatment  is  all  the  more  neces- 
sary now  that  so  many  subjects  press  upon  the  attention 
of  students  in  science,  demanding  an  amount  of  time  and 
thought  which  even  the  most  industrious  find  it  difficult  to 
bestow.     What  the  earnest  student  requires  is  more  a  sug- 
gestive than  an  exhaustive  treatise — something  that  can 
impress  him  with  the  scope  and  bearings  of  his  science 
rather  than  oppress  him  with  its  details ;  and  such  a  sketch 
in  the  present  edition  it  has  been  the  leading  aim  of  the 
Author  to  supply. 

Nbwcastle-on-Tynb, 
August  1876. 
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GEOLOGY. 


I. 


OBJECTS   AND  SCOPE   OF   GEOLOGICAL    INQUIEY — 
INTEODUCTORY  OUTLINE. 


I.  To  describe  the  earth  we  inhabit,  in  all  its  varied  aspects 
and  relations — ^mineral,  vegetable,  and  animal — is  the  object 
of  Natural  History.  It  must  be  evident,  however,  that  a  field 
so  vast  could  not  well  be  made  the  subject  of  systematic  scru- 
tiny without  subdivision  into  departments ;  hence  the  sciences 
of  Geology,  Geography,  Botany,  Zoology,  and  Chemistry — each 
of  them  susceptible  of  separate  research,  yet  all  of  them  con- 
necting, aiding,  and  combining  to  form  one  great  theme  of 
human  knowledge.  Thus,  the  Geologist  restricts  himself  more 
especially  to  a  consideration  of  the  rocky  or  mineral  structure 
of  the  earth,  the  Geographer  to  its  external  or  superficial  con- 
ditions, the  Botanist  to  its  various  vegetable  families,  the 
Zoologist  to  its  animal  life,  and  the  Chemist  to  the  elementary 
composition  of  all  its  substances,  whether  mineral,  vegetable, 
or  animal.  Though  labouring  in  this  manner  in  separate 
departments,  the  one  is  materially  assisted  by  the  investigations 
of  the  other :  indeed  there  can  be  no  true  knowledge  of  any 
one  branch  of  natural  science  without  some  acquaintance  with 
the  whole.  As  in  nature,  so  in  man's  interpretation,  all  should 
blend  into  one  harmonious  yet  dependent  system ;  and  he  who 
has  the  widest  range  of  knowledge  will  best  know  how  to  avoid 
error  and  inconsistency  in  his  own  special  field  of  research. 
The  student  is  thus  warned,  at  the  threshold,  oi  ftvfi  coxma^- 
tions  of  his  science,  that  be  may  understand  diatiaciXl^  \\» 
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iudividual  scope  and  bearing,  and  so  be  prepared  for  its  in- 
telligent investigation. 


Aim  and  Methods  of  the  Science. 

2.  G^logy  as  thus  indicated  (Gr.  g^,  the  earth,  and  logos, 
discourse  or  reasoning)  may  be  defined  as  that  department  of 
natural  science  which- treats  of  the  mineral  structure  of  our  globe. 
Its  object  is  to  examine  the  various  rock-materials  of  which 
our  planet  is  composed,  to  describe  their  appearance  and  re- 
lative positions,  to  investigate  their  nature  and  modes  of  forma- 
tion, the  changes  they  have  undergone  and  are  still  undergoing, 
and  generally  to  discover  the  laws  which  seem  to  determine 
their  characters  and  arrangements.  Being  unable  to  penetrate 
beyond  a  few  thousand  feet  into  the  solid  substance  of  the 
earth,  the  researches  of  geologists  are  necessarily  limited  to 
its  exterior  shell  or  crust ;  hence  they  speak  of  the  "  crust  of 
the  globe,"  meaning  thereby  that  portion  of  the  rocky  structure 
accessible  to  human  investigation,  and  about  whose  nature  and 
history  they  can  reason  with  something  like  certainty.  Specu- 
lations respecting  the  nature  of  the  interior,  as  bearing  on 
scientific  problems,  are  no  doubt  permissible,  and  aided  by  astro- 
nomical data,  we  may  ascertain  the  bulk,  density,  and  other  con- 
ditions of  the  mass ;  but  all  this  must  be  carefully  separated 
from  geological  deductions,  which  are  based  on  absolute  facts 
and  known  appearances.  The  geologist  has  thus  a  clear  and 
unmistakable  course  before  him :  his  duty  is  to  observe,  examine, 
and  compare ;  to  ascend  from  a  knowledge  of  facts  to  the  pro- 
ducing causes ;  from  the  operating  causes  to  a  consideration 
of  the  laws  by  which  they  are  governed ;  and  thus  endeavour 
to  unfold,  as  far  as  human  reason  can,  the  history  of  the  mar- 
vellous world  he  inhabits.  In  its  widest  sense,  therefore, 
Geology  embraces  all  that  can  be  known  of  the  constitution 
and  lustory  of  our  planet — ^its  constitution  as  composed  of  a 
great  vari/ty  of  roc^-masses,  and  its  history  as  to  how  and 
when  these  rocks  were  formed,  and  the  external  or  geographical 
conditions  (climate  and  life  distribution)  under  which  they 
were  aggregated. 

3.  The  materials  composing  the  earth's  crust  are  rocks  of 
various  kinds — ^as  granite,  roofing-slate,  marble,  sandstone,  coal, 
chalk,  clay,  and  sand — some  hard  and  compact,  others  soft 
and  incohering.   These  substances  do  not  occur  indiscriminately 

in  every  part  of  the  world,  nor,  when  found,  do  they  always 
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lie  in  the  eame  positions.  Qianite,  for  example,  maj  exist  in 
one  district  of  a  country,  roofing-elate  in  another,  coal  in  a 
third,  and  chalk  in  a  fourth.  Some  of  theee  rocka  occur  in 
irregular  mountain-massea  (nnstratified),  while  others  are  spread 


oat  in  regular  layers  or  courses,  termed  ttrata,  from  the  Latin 
word  ttratum,  strewn  or  spread  out  (stratified).  Some  lie  flat, 
others  slope  at  high  angles ;  some  occur  in  alternating  layers ; 


while  others  |»aaB  through  these  layers,  and  interrupt  their  con- 
tinuity. It  la  evident  that  substances  differing  so  widely  in 
-  composition  and  structure  must  have  been  formed  under 
different  circumstancee,  by  different  causes,  and  at  different 
periods ;  and  it  becomes  the  province  of  the  geologist  to  dis- 
oorer  those  causes,  and  thus  infer  the  eeneral  conditions  of  the 
regions  in  which,  and  of  the  periods  wuen,  each  different  rock- 
enbetances  were  produced. 

4.  When  we  sink  a  well,  for  instance,  and  dig  through  cer- 
tain clays,  sands,  and  gravels,  and  find  them  succeeding  each 
other  in  layers,  we  are  instantly  reminded  of  the  operations  of 
water,  seeing  it  is  only  by  such  agency  that  accumulations  of 
clay,  sand,  and  gravel  are  formed  at  the  present  day.  Nfci  bx« 
thus  led  to  inquire  ae  to  the  oziffa  of  tlie  matenala  ^ixci'a:;^ 
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which  we  dig,  and  to  discover  whether  they  were  originally 
deposited  in  river-courses,  in  lakes,  in  estuaries,  or  along  the 
seaHshore.  In  our  investigation  we  may  also  detect  ^ells, 
bones,  and  fragments  of  plants  embedded  in  the  clays  and 
sands ;  and  thus  we  have  a  further  clue  to  the  history  of  the 
strata  through  which  we  pass,  according  as  the  shells  and 
bones  are  the  remains  of  animals  that  lived  in  fresh-water 
lakes  and  rivers,  or  inhabited  the  waters  of  the  ocean.  Again, 
in  making  a  railway-cutting,  excavating  a  tunnel,  or  sinking 
a  coal-pit,  we  may  pass  through  many  successions  of  strata 
— such  as  clay,  sandstone,  coal,  limestone,  and  the  like ;  and 
each  succession  of  strata  may  contain  the  remains  or  impres- 
sions of  different  plants  and  animals.  Such  differences  can 
only  be  accounted  for  by  supposing  each  stratum  or  set  of 
strata  to  have  been  formed  by  different  agencies  and  in  different 
localities,  under  varying  arrangements  of  sea  and  land,  as  weU 
as  imder  different  conditions  of  climate,  just  as  at  the  present 
day  the  lakes,  estuaries,  and  seas  of  different  countries  are 
characterised  by  their  own  special  accumulations,  and  by  the 
embedded  remains  of  the  plants  and  animals  peculiar  to  those 
regions. 

5.  In  making  these  investigations  the  geologist  is  guided 
by  his  knowledge  of  what  is  now  taking  place  on  the  surface 
of  the  globe.  Believing  in  the  continuity  of  nature's  operations, 
he  reasons  from  the  present  to  the  past,  and  ascribes  similar 
results  to  similar  or  analogous  causes.  On  this  rests  the 
whole  foundation  of  geological  reasoning.  Thus,  at  the  present 
day,  we  see  rivers  carrying  down  mud  and  sand  and  gravel, 
and  depositing  these  in  layers,  either  in  lakes,  in  estuaries,  or 
along  the  bottom  of  the  ocean.  By  this  process  many  lakes 
and  estuaries  have,  within  a  comparatively  recent  period,  been 
filled  up  and  converted  into  dry  land — the  layers  of  sand  and 
mud  gradually  consolidating  and  hardening  into  rocky  strata. 
We  see  also  the  tides  and  waves  wasting  away  the  sea-cliffs  in 
one  district,  and  accumulating  wide  tracts  of  sand  and  gravel 
in  bays  and  other  sheltered  recesses.  By  these  agencies,  thou- 
sands of  acres  of  land  have  been  washed  away  and  covered  by 
the  sea,  even  within  the  memory  of  man ;  while  by  the  same 
means  new  tracts  have  been  formed  in  districts  formerly  covered 
by  the  tides  and  waves.  We  find  peat-moss  growing  and  fill- 
ing up  extensive  swamps,  and  coral-reefs  and  other  animal 
growths  accumulating  in  many  parts  of  the  ocean.  Further, 
we  learn  that,  during  earthquake  convulsions,  large  districts  of 
country  ^ukfmk  beneath  the  waters  of  the  ocean ;  while  in 
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other  regions  the  sea-bed  has  been  elevated  into  dry  land. 
Volcanic  action  is  also  sensibly  affecting  the  surface  of  the 
globe — converting  level  tracts  into  mountain-ridges,  throwing 
up  new  islands  from  the  sea,  and  casting  forth  molten  lava 
and  other  materials,  which  in  time  become  hard  and  consoli- 
dated rock-masses,  like  the  greenstones  and  basalts  of  the 
older  hills. 

6.  As  these  and  other  agents  are  at  present  modifying  the  sur- 
face of  the  globe,  and  changing  the  relative  positions  of  sea  and 
land,  so  in  all  time  past  have  they  exerted  a  similar  influence, 
and  have  necessarily  been  the  main  agents  employed  in  the  for- 
mation of  the  rocky  crust  which  it  is  the  province  of  Geology 
to  investigate.  This  world  of  ours  is,  and  has  ever  been,  sub- 
ject to  incessant  wcute  and  reconstruction — here  wasted  and 
worn  down  by  frosts,  rains,  rivers,  waves,  and  tides ;  and  there 
bmlt  up  again  by  the  deposition  of  the  water-borne  materials, 
by  the  growth  of  plants  and  animals,  and  by  the  accumula- 
tion of  volcanic  ejections.  Not  a  foot  of  the  land  we  now 
inhabit  but  has  been  repeatedly  under  the  ocean,  and  the 
bed  of  the  ocean  has  formed  as  repeatedly  the  habitable  dry 
land.  No  matter  how  far  inland,  or  at  what  elevation  above 
the  sea,  we  now  find  accumulations  of  sand  and  gravel, — no 
matter  at  what  depth  we  discover  strata  of  sandstone  or  lime- 
stone,— ^we  know,  from  their  composition  and  arrangement, 
that  they  must  have  been  formed  under  water,  and  been 
brought  together  by  the  operations  of  water,  just  as  layers  of 
sand  and  gravel  and  mud  are  accumulated  or  deposited  at  the 
present  day.  And  as  earthquakes  and  volcanoes  break  up, 
elevate,  and  diversify  the  present  dry  land — ^here  sinking  one 
portion,  there  tilting  up  another,  and  everywhere  producing 
rents  and  fissures;  so  must  the  fractures,  dislocations,  and 
upheavals  among  the  strata  of  the  rocky  crust  be  ascribed  to 
the  operation  of  similar  forces  in  remote  and  distant  epochs. 

7.  By  the  study  of  existing  operations,  we  thus  get  a  clue 
to  the  geological  history  of  the  globe ;  and  the  task  is  rendered 
much  more  definite  and  certain  by  an  examination  of  the 
plants  and  animals  found  embedded  in  the  various  strata.  At 
present,  shells,  fishes,  and  other  animals  are  buried  in  the  mud 
or  silt  of  lakes  and  estuaries ;  rivers  also  carry  down  the  car- 
casses of  land-animals,  the  trunks  of  trees,  and  other  vegetable 
drift ;  and  earthquakes  submerge  plains  and  islands,  with  all 
their  vegetable  and  animal  inhabitants.  These  remains  become 
enveloped  in  the  layers  of  mud  and  sand  and  gw^iv^Y  ioTK^fc^ 
by  the  waters,  and  in  process  of  time  are  petriji&d  (JiaX..  petTa> 
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a  stone,  and  fio^  I  become),  that  is,  are  converted  into  stony 
matter  like  the  shells  and  bones  found  in  the  deeper  strata. 
Now,  as  at  present  so  in  all  former  time  must  the  remains  of 
plants  and  animals  have  been  similarly  preserved ;  and  as  one 
tribe  of  plants  is  peculiar  to  the  dry  plain  and  another  to  the 
swampy  morass, — as  one  family  belongs  to  a  temperate,  and 
another  to  a  tropical  region, — ^so,  from  the  character  of  the 
embedded  plants,  we  are  enabled  to  arrive  at  some  knowledge 
of  the  conditions  imder  which  they  flourished.  In  the  same 
manner  with  animals :  each  tribe  has  its  locality  assigned  it 
by  peculiarities  of  food,  climate,  and  the  like ;  each  family 
has  its  own  peculiar  structure  for  running,  flying,  swimming, 
plant-eating  or  flesh-eating,  as  the  case  may  be ;  and  by  com- 
paring/omZ  remains  (fossil,  from  Lat. /o««t{«,  dug  up,  applied 
to  all  remains  of  plants  and  animals  embedded  in  the  rocky 
crust)  with  existing  races,  we  are  enabled  to  determine  many 
of  the  past  conditions  of  the  world  with  considerable  certainty. 
Of  course,  the  more  remote  the  period,  or,  in  other  words,  the 
older  and  deeper  the  rocks,  the  more  difficult  will  be  the 
determination,  just  as  from  a  study  of  antiquarian  objects  it  is 
easier  to  arrive  at  a  knowledge  of  the  manners  and  customs  of 
those  who  immediately  pceceded  our  own  times,  than  of  those 
whose  monuments  lie  beyond  the  reach  of  all  written  record 
or  oral  tradition. 


Theoretical  Aspects  of  the  Science. 

8.  By  examining,  noting,  and  comparing,  as  indicated  in 
the  preceding  paragraphs,  the  geologist  finds  that  the  strata 
composing  the  earth's  crust  can  be  arranged  in  series ;  that  one 
set  or  series  always  underlies,  and  is  succeeded  by,  a  different 
set ;  and  that  each  series  contains  the  remains  of  certain  plants 
and  animals  not  to  be  found  in  any  other  series.  In  other 
words,  each  series  is  but  the  sediments  of  successive  lakes, 
estuaries,  and  seas — each  of  which  had  its  own  area,  and  each 
of  which  was  characterised  by  its  own  plants  and  animals. 
Having  ascertained  the  existence  of  such  a  sequence  among 
the  rocky  strata,  his  next  task  is  to  determine  that  sequence 
in  point  of  time — that  is,  to  determine  which  is  the  earlier  and 
which  the  later  formed  series  of  strata ;  to  ascertain,  if  possible, 
the  nature  of  the  plants  and  animals  whose  remains  are  em- 
bedded in  each  set ;  and,  lastly,  to  discover  the  geographical 
extent  and  limita  oi  the  successive  series.     These  series  he 
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cslia  formations,  as  having  been  fonned,  each  in  the  same  area 
of  deposit,  during  different  arrangements  of  sea  and  land,  and 
under  the  varying  influences  of  climate  and  other  external 
conditions ;  and  it  is  by  a  knowledge  of  these  that  the  geologist 
is  enabled  to  arrive  at  something  like  a  history  of  the  globe — 
imperfect,  it  may  be,  but  still  sufficient  to  show  the  numerous 
changes  its  surface  has  undergone,  and  the  varied  and  wonder- 
ful races  of  plants  and  animals  by  which  it  has  been  succes- 
sively inhabited.  To  map  out  the  various  mutations  of  sea 
and  land,  from  the  present  moment  to  the  earliest  time  of 
which  we  have  any  traces  in  the  rocky  strata ;  to  restore  the 
forms  of  extinct  plants  and  animals ;  to  indicate  their  habits, 
the  climate  and  conditions  under  which  they  grew  and  lived, 
— ^to  do  all  this,  and  trace  their  connection  up  to  existing 
races  in  one  continuous  history,  would  be  the  triumph,  as  it 
is  now  the  aim,  of  all  true  geology. 

9.  Such  are  the  objects  and  scope  of  what  may  be  termed 
Theoretical  or  Descriptive  Geology,  a  science  of  comparatively 
recent  growth,  but  of  high  and  enduring  interest.  So  recent  and 
rapid  has  been  its  progress,  that  it  may  almost  be  regarded  as 
a  creation  of  the  current  century ;  and  certainly  all  that  was 
written  prior  to  this  period  may  be  deleted  without  causing 
sensible  loss  or  detriment  to  its  study  as  a  science  of  deduc- 
tion. The  problems  it  endeavours  to  solve  are  amongst  the 
most  attractive  and  important  that  can  engage  the  ingenuity 
of  man — ^leading  him  from  his  own  position  and  connection 
with  this  planet  back  through  all  its  former  phases  and  condi- 
tions to  the  time  when  it  came  fresh  and  glowing  from  the 
hand  of  the  Creator.  As  a  legitimate  cultivator  of  natural 
science,  the  geologist  bases  his  deductions  on  numerous  and 
well-ascertained  facts;  observes,  collects,  and  arranges  with 
scrupulous  care ;  and  by  such  means  proceeds  from  pheno- 
mena that  are  obvious  and  taking  place  aroimd  him,  to  the 
explanation  of  those  that  are  more  remote  and  less  apparent. 
His  object  is  to  unfold  the  history  of  our  globe  as  revealed  in 
the  composition,  arrangement,  and  embedded  life-remains  of 
the  rocl^  crust  which  is  patent  to  his  investigation,  not  to 
invent  theories  or  frame  hypotheses  respecting  the  origin  of 
matter  or  the  development  of  life — ^themes  which  may  ever  lie 
beyond  the  comprehension  of  created  intelligence. 

[Geology  is,  indeed,  one  of  the  yonngest  of  the  natural  sciences,  and  the 
reason  is  obvions.    Man  in  his  primitive  stages  subsists  solely  on  the  «vk^%k.^ 
of  the  earth  and  its  surface  products.    It  is  not  till  he  has  loaAft  ^cnaa  ^t^- 
gress  in  dvilisation  that  he  directs  Ms  attention  to  the  -pio^xxftVa  ol  ^Qaft 
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interior.  In  his  first  or  savage  stage  he  is  merely  a  hunter,  a  fisher,  and  a 
gatherer  of  its  fruits.  He  never  builds  a  hut  of  stone,  nor  kindles  a  fire  of 
coal,  even  should  these  appear  in  inviting  abundance  around  him.  Even 
when  he  has  passed  into  the  nomadic  and  agricultural  stage,  with  his  herds 
and  flocks,  and  tiny  patches  of  husbandry,  he  derives  little  from  the  earth 
— ^forming  his  implements  of  wood  and  bone  and  surface-stones  ;  and  but 
rarely — ^and  this  in  favourable  localities — extracting  a  modicum  of  copper 
and  tin  for  the  fabrication  of  a  few  and  much-valued  tools  and  weapons 
of  bronze.  It  is  not  till  he  has  attained  to  some  degree  of  civilisation  that 
he  begins  to  draw  his  comforts  and  luxuries /roiTi  the  earth,  as  well  as  to 
live  ujpom,  it ;  and  it  is  then,  and  then  only,  that  he  can  be  said  to  become 
acquainted  with  the  structure  of  the  earth  as  a  working  and  practical  Geo- 
logist. But  while  obtaining  his  gold  and  silver,  his  tin  and  lead,  his  copper 
and  iron,  from  its  crust  for  the  fabrication  of  his  implements  and  machinery; 
while  rearing  his  edifices-  of  its  rocks,  and  adorning  his  person  with  its  gems 
and  precious  metals,  it  is  not  till  after  long  ages  that  he  begins  to  perceive 
the  earth  he  inhabits  has  had  a  history — a  long  history  of  change  and  pro- 
gress,— that  sea  and  land  have  been  ever  changing  places,  that  vegetable  and 
animal  life  has  been  ever  ascending  from  simple  and  lowly-organised  to 
more  complex  and  more  highly  organised  forms,  and  then  he  becomes  a 
scientific  and  theoretical,  as  well  as  a  working  and  practical.  Geologist.] 

TO.  In  reading  aright  the  facts  and  phenomena  which  pre- 
sent themselves  to  his  observation,  the  task  of  the  geologist  is 
often  a  perplexing,  always  an  arduous  one,  and  one  requiring 
a  vast  amount  of  research  and  collateral  information.  To  ac- 
count, for  example,  for  the  aggregation  and  position  of  many 
rock-masses,  he  requires  to  be  acquainted  with  the  principles 
of  mechanics ;  to  treat  of  their  composition  and  formation,  the 
aid  of  chemistry  must  be  frequently  called  in ;  to  describe 
and  classify  the  remains  of  plants  and  animals,  he  must  have 
recourse  to  botany  and  zoology;  while,  generally  speaking, 
there  are  many  of  his  problems,  for  the  successful  solution  of 
which  the  assistance  of  almost  every  branch  of  natural  science 
is  necessary.  It  does  not  follow,  however,  that  he  is  to  make 
these  minute  researches  for  himself :  it  is  enough  for  his  pur- 
pose to  be  able  to  apply  the  deductions  of  the  chemist,  botan- 
ist, and  zoologist  to  the  solution  of  the  particular  problem 
before  him ;  in  other  words,  to  be  able  to  appreciate  their 
geological  bearings,  and  arrive  at  the  right  interpretation  of 
the  phenomena  of  which  they  form  a  part.  In  doing  all  this, 
the  earnest  student  will  find  the  pleasure  of  the  result  more 
than  recompense  for  the  labour  incurred ;  and  whether  in  col- 
lecting data  among  the  lulls  and  ravines,  by  the  sea-clififs  or 
in  the  mine,  or  in  arrangmg  and  drawing  from  these  data  the 
warranted  conclusion,  he  will  find  Geology  at  once  one  of  the 
most  healthful  and  exhilarating,  as  it  is  one  of  the  most  fasci- 
natiDg  and  expanding,  of  intellectual  putamla,    1\.  x^^]^^a 
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observation,  comparison,  and  deduction  at  eveiy  step ;  and  to 
observe  correctly,  to  compare  without  bias,  and  to  deduce  in 
logical  sequence,  are  among  the  highest  attainments  of  the 
human  intellect. 

Practical  Bearings  of  the  Science. 

II.  Nor  is  the  science,  in  a  Practical  or  hidustrial  point  of 
view,  of  less  importance  to  man.  Deriving,  as  we  do,  all  our 
metallic  and  mineral  stores — our  coal  and  iron,  our  gems  and 
precious  metals — ^from  the  crust  of  the  earth,  it  is  of  vast 
utility  to  be  able  to  distinguish  correctly  between  mineral  sub- 
stances, to  determine  in  what  positions  they  occur,  to  say 
where  they  are,  or  are  not,  to  be  found,  and  with  what  facil- 
ities they  can  be  obtained.  The  miner  cannot  proceed  a  step 
in  safety  without  the  light  of  geological  deduction ;  and  though 
guided  by  observation  long  ^before  the  truths  of  the  science  had 
assumed  a  technical  aspect,  yet  do  his  operations  proceed  with 
precision  and  certainty  only  in  proportion  to  the  advancement 
of  scientific  generalisation.  Again,  the  engineer  in  tunnelling 
through  hills,  in  cutting  canals,  excavating  harbours,  sinking 
wells,  bringing  in  water  to  towns,  draining  morasses,  and  the 
like,  must,  to  do  his  work  securely  and  with  certainty,  base  in 
a  great  measure  his  calculations  on  the  nature  of  the  rocky 
materials  to  be  passed  through — ^information  he  can  only  ob- 
tain through  the  aid  of  geology.  The  architect  also,  in  select- 
ing his  material,  by  attending  to  the  formation  and  texture  of 
the  rock,  and  observing  how  it  has  been  affected  by  the  weather 
in  the  clifiEls  and  ravines,  may  often  avoid  the  use  of  a  wasting 
and  worthless  building-stone ;  while  his  knowledge  of  geolo- 
gical succession  will  enable  hrm  to  detect  in  different  localities 
the  same  material.  The  farmer,  in  like  manner,  whose  soils 
are  either  formed  by  the  disintegration  of  the  adjacent  rocks, 
or  are  affected  by  their  retentive  or  absorbent  nature,  may  learn 
much  useful  information  from  the  demonstrations  of  the  geol- 
ogist. To  the  emigrant  about  to  settle  in  a  new  country  some 
acquaintance  with  geology  cannot  fail  to  be  of  advantage,  en- 
abling him  to  select  a  location  with  reference  to  its  mineral 
wealth  as  well  as  its  agricultural  capabilities.  Again,  the  sur- 
veyor and  land-valuator,  he  who  has  to  report  on  the  worth  of 
estates  and  bring  them  to  saje  in  the  land-market,  cannot  pos- 
sibly do  justice  to  his  client  unless  he  is  either  of  himself 
capable  of  estimating  their  mineral  value,  or  able  to  ^.^^x^^^aX^ 
the  report  oi  the  mineraJ-aurveyor  or  consulting  geoVo^t..  '^\i<^ 
study  of  physical  geography'-ih&t  is,  the  study  ol  t\i<&  «vx!&a«i 
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configuration  of  the  earth,  the  distribution  of  land  and  sea,  the 
altitude  and  extent  of  continents,  and  so  forth,  in  as  far  as  it 
bears  on  the  dispersion  and  habitats  of  plants  and  animals, 
their  adaptation  to  certain  regions,  and  even  touching  the  de- 
velopment and  health  of  man  himself — can  only  attain  the 
character  and  position  of  a  science,  when  treated  in  connec- 
tion with  the  fundamental  doctrines  of  geology.  The  super- 
ficial features  of  the  earth  are  mainly  dependent  on  its  geolo- 
gical structure,  and  these  features  must  necessarily  lose  much 
of  their  significance  to  him  who  is  ignorant  of  the  causes 
through  wMch  they  originate.  The  artist  and  landscape-gar- 
dener may  also  reap  substantial  benefit  from  a  study  of  the 
leading  facts  of  the  science,  as  bearing  on  surface  configura- 
tion and  scenery ;  and  though  such  a  knowledge  of  itself  will 
make  neither  artists  nor  landscape-gardeners,  it  will  often  pre- 
vent them  from  committing  unpardonable  outrages  on  the 
landscapes  of  nature.  Indeed,  to  all  having  to  deal  with  min- 
erals and  metals,  some  scantling  of  geological  knowledge  will 
be  of  advantage ;  while  in  a  country  like  Britain,  whose  me- 
chanical, manufacturing,  and  commercial  greatness  depends  so 
intimately  on  her  subterranean  treasures,  few  subjects  can  be 
more  deserving  of  enlightened  attention.  Such  are  a  few  of 
the  more  obvious  practical  or  economic  advantages  of  geology 
— a  subject  to  which  we  will  advert  at  greater  length  (Chap. 
XXI.)  when  the  student  is  presumed  to  be  able  to  apply  its 
deductions. 

12.  To  arrive  at  a  rational  history  of  the  successive  phases 
of  the  globe,  is,  we  have  said,  the  aim  of  theoretical  geology; 
to  diiscover  and  classify  its  mineral  stores — ^to  ascertain  their 
position  and  determine  their  abundance,  so  as  to  make  them 
available  for  the  industrial  purposes  of  life — is  the  task  of  the 
practical  geologist.  Combining  its  economic  with  its  specula- 
tive bearings.  Geology  becomes  a  science  of  high  and  enduring 
interest,  and  one  which  must  shortly  take  a  place  in  every 
course  of  enlightened  education.  Nor  is  its  own  individu^ 
interest  of  less  importance  than  its  bearings  on  the  other 
natural  sciences,  which  are  yearly  not  only  receiving  new  im- 
pulses from  its  progress,  but  acquiring  additional  data  from  its 
discoveries  and  determinations.  And,  luckily  for  the  con- 
tinuation of  this  progress,  the  objects  of  research,  though  often 
complicated  and  obscure,  are  scattered  everywhere  around  us, 
and  accessible  at  all  seasons  to  our  investigation.  Not 
a  quarry  by  the  wayside,  not  a  railway-cutting  through  which 
we  are  carried,  not  a  mountain-glen  up  which  we  climb,  not 
a  search ff  under  which  we  wander,  "but  toxioBbe^  ^^lcsi  d^oi-^ 
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observed,  important  lessons  in  geology.  A  hammer  to  detach 
specimens  and  a  bag  to  carry  l£em  in,*  a  sketch-book  to  note 
miusual  appearances,  an  observing  eye,  and  a  pair  of  willing 
limbs,  are  nearly  all  the  young  student  requires  for  the  field ; 
and  by  inspection  and  comparison  in  some  museum,  and  the 
diligent  use  of  his  text-book,  he  will  very  shortly  be  «ble  to 
proceed  in  the  study  as  a  practical  observer.  Let  him  note 
every  new  and  strange  appearance,  handle  and  preserve  every 
specimen  with  which  he  is  not  familiar — ^throwing  nothing 
aside  until  he  has  become  acquainted  with  its  nature ;  and 
thus,  besides  obtaining  additional  knowledge  and  facilitating 
his  progress  in  the  study,  he  will  shortly  acquire  the  invaluable 
power  of  prompt  and  accurate  discrimination. 


NOTE,   EECAPITULATORY  AND  EXPLANATORY. 

13.  In  the  preceding  paragraphs  we  have  endeavoured  to 
explain  that  the  object  of  Geology  is  to  investigate  the  rocky 
structure,  and,  through  that  structure,  the  history  of  the  earth, 
in  as  far  as  its  structural  arrangement  is  accessible  to  human 
investigation.  Combining  all  we  know  of  this  rocky  structure, 
from  the  top  of  the  highest  mountain  to  the  bottom  of  the 
deepest  mine,  it  forms  but  an  insignificant  film  of  the  four 
thousand  miles  which  lie  between  the  surface  and  centre  of  the 
globe.  This  film  or  outer  portion  is  spoken  of  as  the  "  crust 
of  the  globe  "  (Erdrinde,  as  the  Germans  term  it),  in  contra- 
distinction to  the  interior  portions,  of  which  we  can  know  noth- 
ing by  direct  observation.  Thin  as  this  crust  may  appear,  it  is 
nevertheless  the  theatre  of  extensive,  diversified,  and  ceaseless 
changes.  Every  change  arising  from  the  violence  of  the 
earthquake  and  volcano,  every  modification  resulting  from  the 
waters  that  cover  or  course  its  surface,  every  operation  de- 
pendent on  atmospheric  agency,  as  well  as  all  that  appertains 
to  the  development  of  vegetable  and  animal  life,  is  performed 
on  or  within  this  shell.  The  rock-matter  wasted  and  washed 
from  one  district  is  but  reconstructed  into  new  formations  in 
another ;  and  every  formation  contains  within  it  some  evidence 
of  the  physical  and  vital  conditions  which  existed  during  its 
accumulation.  It  is  thus  at  once  the  theatre  of  all  geological 
change,  and  the  index  to  all  true  geological  history — its  strata 
being  like  the  leaves  of  an  ancient  record,  that  have  only  to 
be  deciphered  with  care  and  competent  skill.  "By  iio\.\Tv^>Csi^ 
composition  of  its  rocks,  their  position  and  sueceasvoiv^  \3tL% 
sjMce  over  which  they  spread,  and  the  fossilB  they  coTiXaax^^Swi 
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geologist  is  enabled  to  indicate  the  condition  and  appearance 
of  the  world  during  former  epochs — to  speculate  as  to  the 
former  distribution  of  sea  and  land,  the  modifications  of  cli- 
mate thereby  occasioned,  and  the  kind  of  vegetables  and  ani- 
mals that  successively  peopled  its  surface.  To  arrive  at  a 
rational  history  of  the  successive  phases  of  the  globe,  is  the 
aim  of  theoretical  geology;  to  discover  and  classify  its  mineral 
stores — to  ascertain  their  position  and  determine  their  abund- 
ance, so  as  to  make  them  available  for  the  industrial  purposes 
of  life — ^is  the  task  of  the  practical  geologist.  Combining  its 
economic  with  its  speculative  bearings,  Geology  becomes  a 
science  of  high  and  enduring  interest,  deserving  the  study  of 
every  cultivated  mind,  and  the  encouragement  of  every  en- 
lightened government. 

14.  As  a  department  of  Natural  History,  Geology  confers, 
as  well  as  receives,  important  aid  from  all  the  correlative 
branches  of  the  science — more  especially  from  Geography, 
Botany,  Zoology,  and  Chemistry.  For  the  solution  of  many 
of  its  more  difficult  problems,  it  also  calls  in  the  aid  of  Physical 
or  Mathematical  Science ;  while  not  a  few  of  its  reasonings 
are  based  on  Meteorological  and  Astronomical  considerations. 
It  has  been  proposed  by  some  to  substitute  the  term  Geognosy 
for  that  of  Geology — ^geognosy  (Gr.  g^,  the  earth,  and  gnosis) 
knowledge)  implying  absolute  knowledge,  while  geology  refers 
more  to  our  theoretical  reasonings.  The  substitution,  however, 
is  rarely  or  ever  adopted;  and  for  all  ordinary  purposes 
geology  has  become  the  accepted  designation.  As  thus  de- 
fined, the  science  may  be  viewed  in  three  great  aspects — 
Descriptive,  Theoretical,  and  Practical;  Descriptive  Geology 
being  that  which  restricts  itself  to  a  consideration  of  facts  and 
appearances  as  presented  in  the  rocky  crust ;  Theo7*etical,  that 
which  attempts  to  account  for  the  phenomena,  and  arrange 
them  into  a  connected  world-history;  and  Fracticcdy  that 
which,  guided  in  its  researches  by  the  other  two,  treats  of  the 
mineral  products  of  the  globe  where  they  occur,  in  what 
abundance  they  occur,  the  facility  with  which  they  can  be  ob- 
tained, and  their  application  to  industrial  or  economic  purposes. 

15.  As  a  main  topic,  geology  may  also  be  conveniently 
studied  under  the  three  sub-sciences — Physical  Geography,  Min- 
eralogy, and  Palasontology :  the  first  treating  of  the  surface  con- 
figuration of  the  globe  as  depending  on  physical  or  geological 
influences ;  the  second  restricting  itself  more  especially  to  a 
consideration  of  the  mineral  substances  which  enter  into  the 

composition  of  the  crust ;  and  the  third  (Gr.  palaios,  ancient ; 
i^^a,  beings;  and  logoSy  reasoning)  devotan^  \\&^l  exs^wsw^^ 


BECAPITULATION.  2  9 

to  a  consideration  of  the  fossil  plants  and  animals  found  in 
the  rocky  strata.  Each  of  these  sub-sciences  can  be  studied 
intimately  and  in  detail,  as  separate  departments ;  yet  it  must 
be  seen  at  a  glance  that,  without  an  acquaintance  with  all  the 
three,  there  can  be  no  true  knowledge  of  geology.  The  terms 
Physical  Geology  and  Lithology  (Gr.  lithos,  a  stone,  and  logos) 
are  frequently  used  as  in  contradistinction  to  PalcBontology  or 
Organic  Geology — ^the  former  referring  to  the  mere  rock  rela- 
tions of  the  crust,  the  latter  to  the  plants  and  animals  embed- 
ded therein.  Hence  we  may  treat  of  the  lithological  character 
of  a  formation  without  at  all  referring  to  its  palceontological 
aspects.  The  term  Petrology  (Lat.  petra,  sl  rock)  was  at  one 
time  used  for  Lithology,  and  Oryctology  (Gr.  oryctos,  dug  up) 
for  Palaeontology ;  but  they  are  now  very  rarely  employed.  It 
has  also  been  proposed  to  subdivide  Palaeontology  into  two 
branches — Palceozoology  (Gr.  20cm,  an  animal),  or  that  which 
relates  to  fossil  animals,  and  Paloeophytology  [phyton^  a  plant), 
or  that  which  refers  alone  to  fossil  vegetation ;  but,  for  all 
practical  purposes,  the  broader  term  Palaeontology,  which  em- 
braces all  organic  remains  of  whatever  description,  may  still 
be  advantageously  retained. 

16.  For  fuller  explanations  of  these  and  other  technical 
terms  employed  throughout  this  treatise,  the  student  is  refer- 
red to  the  appended  Glossary ;  and  should  he  desire  still  more 
detailed  information,  the  Author's  *  Handbook  of  Geological 
Terms  and  Geology  *  may  be  consulted  with  advantage,  as  sup- 
plying many  important  particulars  that  obviously  fie  beyond 
the  scope  of  a  general  Text-Book.  And  here  it  may  be  re- 
marked, that  these  scientific  terms,  when  once  thoroughly  com- 
prehended, are  quite  as  easily  remembered  as  those  derived 
from  the  language  of  everyday  life ;  while,  being  chiefly  com- 
pounds of  Greek  and  Latin,  they  constitute  a  nomenclature 
distinctive  of,  and  peculiar  to.  Geology,  and  are  thus  readily  in- 
telligible to  the  scholars  of  every  country.  There  is  nothing 
more  perplexing  than  a  multiplicity  of  local  and  provincial 
terms ;  and  one  can  easily  imagine  the  confusion  and  obstruc- 
tion that  would  arise  were  every  country  and  district  adhering 
to  its  own  vernacular  instead  of  adopting  a  uniform  system  of 
terminology.  The  technicalities  of  science,  often  so  ignorantly 
inveighed  against,  are  in  fact  the  instruments  by  which  it  ef- 
fects its  progress.  New  objects  require  new  names,  and  new 
facts  new  phrases  to  express  their  relations ;  and  the  sooner 
the  student  can  make  himself  familiar  with  tboae  \.exr(i^  ^\A 
their  applicati<72?i^  the  more  rapid  and  pleasant  "wVllLi  \ife  \i^ 
onward  progress. 
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GENERAL   RELATIONS,   STRUCTURE,   AND   CONDITIONS 

OF  THE  EARTH. 

17.  The  object  and  scope  of  Geology,  it  has  been  stated,  is 
to  investigate  the  history  of  our  earth  as  revealed  in  the  struc- 
ture of  the  rocky  or  accessible  crust.  As  this  structure,  how- 
ever,  is  in  a  gre/t  measure  dependent  on  certain  genera!  rela- 
tions  and  conditions  appertaining  to  the  globe  as  a  member  of 
the  solar  system,  it  is  as  well  to  remind  the  student  of  this  con- 
nection, and  so  place  before  him  at  the  outset  the  entire  data 
on  which  his  own  special  science  is  founded.  We  shall  there- 
fore, in  this  chapter,  advert  to  those  general  relations  of  mo- 
tion, atmosphere,  form,  bulk,  density,*  temperature,  surface 
configuration,  distribution  of  land  and  water,  and  constitution 
of  ocean,  which  must  always  have  influenced,  and  will  ever 
continue  to  control  and  mocUfy,  all  geological  operations. 

Planetary  Relations. 

18.  The  origin  of  all  geological  history  is  change ;  the  cause 
of  all  change  is  motion ;  and  the  primary  motions  of  the  earth 
are  those  dependent  on  its  relations  to  the  solar  system.  In 
other  words,  the  sun  is  the  source  and  centre  of  force;  wher- 
ever force  is  exerted  there  must  be  motion;  and  wherever 
there  is  motion  there  must  be  change  either  of  place  or  of  con- 
dition. From  the  sun  the  earth  derives  its  light,  heat,  and,  it 
may  be,  other  more  subtle  influences  (actinism,  magnetism, 
&c.)  which  are  indispensable  to  the  growth  and  development 
of  vegetable  and  animal  life.  Light  and  heat  are  modified  in 
their  distribution  by  the  daily  rotation  of  the  earth  on  its  own 
axis,  by  its  annual  revolution  round  the  sun  in  an  elliptical 
orbit,  and  also  by  the  slanting  position  in  which  it  revolves  in 
tihat  orbit    From  these  motions,  and  this  peculiar  position  of 
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the  earth,  arise  the  alternations  of  summer  and  winter  in  cer- 
tain latitudes,  of  dry  and  wet  seasons  in  others,  and  also  that 
alternate  impetus  and  retardation  which  is  given  to  the  growth 
and  reproduction  of  vegetable  and  animal  Hfe.  To  these  sea- 
sonal differences  belong,  in  like  manner,  those  meteorological 
vicissitudes  from  drought  to  rain,  from  heat  to  frost,  and  from 
calm  to  storm,  which  produce  so  many  geological  changes  on 
the  rock-surfaces  of  the  globe.  On  the  earth's  relation  to  the 
sun  and  moon — ^in  other  words,  on  the  attractive  force  exerted 
by  these  bodies — depend  also  the  bi-diumal  flow  and  ebb  of 
the  tides,  which,  as  will  afterwards  be  seen,  are  among  the  most 
permanent  and  important  of  geological  agents. 

19.  It  must  be  evident,  therefore,  from  what  we  have  thus 
briefly  indicated,  that  any  change  in  the  planetary  relations  of 
the  globe  would  be  attended  not  only  by  a  change  in  the  distri- 
bution of  light,  heat,  and  meteorological  influences,  but  also 
by  a  consequent  alteration  in  the  distribution  and  relation- 
ship of  animal  and  vegetable  life.  As  a  necessary  conse- 
quence, also,  of  any  derangement  of  the  existing  planetary 
relations,  there  would  be  a  change  in  the  tidal  influences,  and 
a  different  distribution  of  sea  and  land.  As  at  present  the 
polar,  temperate,  and  tropical  zones  of  the  earth  are  all 
marked  by  striking  differences,  not  only  in  their  botanical 
and  zoological  aspects,  but  in  the  degree  and  manner  in  which 
their  rock-materials  are  wasted,  shifted,  and  redistributed ; 
so  would  any  alteration  in  the  existing  planetary  relations 
of  the  globe  be  attended  by  new  and  different  phenomena. 
The  student  is  thus  apprised  of  these  great  cosmical  consid- 
erations that  he  may  learn  to  familiarise  himself  with  their 
mutual  actions  and  reactions,  and  so  be  prepared  to  appreciate 
aright  such  }iypotheses  as  change  in  the  inclination  of  the 
earth's  axis  of  rotation,  greater  eccentricity  of  the  earth's 
annual  orbit,  &c.,  which  are  sometimes  advanced  to  account 
for  geological  phenomena. 

[Although  the  chief  planetary  relations  of  the  earth  seem  fixed  and 
immutable,  there  are  certain  minor  phenomena  which  are  now  known 
to  obey  laws  qf  secular  succession,  and  this  fact  renders  it  possible  that 
other  phenomena,  seemingly  unchangeable,  may  be  dependent  on  similar 
laws — the  periods  of  recurrence  being  so  vast  that  the  variation  within 
the  limits  of  human  history  has  as  yet  been  inappreciable,  or  at  all  events 
has  hitherto  escaped  scientific  detection.  Thus  the  magnetic  needle,  which 
in  1660  pointed  due  north  in  London,  began  in  1662  to  diverge  to  the 
westward,  till  in  1815  (a  lapse  of  155  years)  it  pointed  245^°  west  of  north. 
Since  1815  it  has  been  gradually  retnining  from  the  extreme  6iNeT%e\i^^, 
and  we  therefoii?  regard  it  aa  obeying  some  law  of  secxLlax  sacceBsioTu    ^ 
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also  with  the  polar  direction  of  the  earth's  axis,  which  we  generally  regard 
as  pointing  to  one  spot  or  "  fixed  point "  in  the  heavens — ^namely,  the 
polar  star.  This,  however,  is  not  strictly  correct.  The  pole  moves  very 
slowly,  so  as  to  describe  very  nearly  what  is  called  a  small  circle  in  the 
heavens.  This  small  circle  and  the  motion  of  the  pole  along  it,  are  such 
that  in  12,000  or  13,000  years  the  pole  will  be  distant  from  the  present 
I)ole  by  more  than  40  degrees;  but  in  some  25,000  years  it  will  have 
returned  to  the  point  in  the  heavens  which  it  now  occupies.  As  with 
these,  which  unrecorded  observation  could  never  have  detected,  so  it  may 
be  with  other  phenomena  which  we  now  regard  as  fixed  and  immutable.] 


Atmospheric  Relations. 

20.  Another  important  consideration  connected  with  the 
general  constitution  of  the  globe  is  its  atmosphere  or  gase- 
ous envelope,  which  surrounds  it  on  every  side,  and  is  either 
of  itself  the  cause  of  numerous  terrestrial  changes,  or  the 
medium  through  which  they  are  effected.  This  atmosphere 
or  air  is  essentially  composed  of  nitrogen  and  oxygen  gases — 
79  parts  of  the  former  to  21  of  the  latter — together  with  a 
small  and  variable  percentage  of  carbonic  acid, — all  other 
ingredients  being  regarded  as  extraneous  impurities.  ^  As 
at  present  constituted,  the  air  is  indispensable  to  animal 
and  vegetable  life,  and  any  alteration  in  this  respect,  however 
slight,  would  change  the  whole  aspect  of  the  vital  economy. 
About  four  parts  of  nitrogen  to  one  of  oxygen,  forms,  as  we 
every  moment  experience,  a  breathable,  salubrious  air;  the 
same  gases  in  different  proportions  produce  a  compound  (nitric 
acid  or  aquafortis)  so  corrosive  that  even  the  metals  are  dis- 
solved by  it.  Carbonic  acid  is  exhaled  by  animals,  but  in- 
haled and  assimilated  by  plants,  which  in  turn  give  out  oxy- 
gen— ^the  vital  breath  of  the  animal  kingdom.  Any  increase, 
therefore,  in  the  percentage  of  carbonic  acid  in  the  atmo- 
sphere, while  it  might  add  to  the  luxuriance  of  vegetation, 
would  be  poison  and  death  to  animals.  Being  an  elastic 
or  compressible  medium,  the  air  nearest  the  sea -level  is 
denser  than  that  at  considerable  elevations ;  and  by  calcu- 
lating the  rate  at  which  this  rarity  takes  place,  it  is  estimated 
that  at  the  height  of  45  miles  above  the  sea  the  atmosphere 
becomes  so  rare  or  light  as  to  be  inappreciable — ^and  yet 
not  inappreciable,  for  meteors  become  ignited  in  passing 
through  it  at  the  height  of  80  and  90  miles.  The  absolute 
height,  however,  as  deduced  from  observations  on  polarisa- 
tion made  at  the  tropics  by  M.  Liais  in  1858,  is  stated  to 
be  211,  OT,  in  round  numbers,  210  miles. 
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21.  We  have  thus  surrounding  the  globe  a  gaseous  enve- 
lope 2IO  miles  in  absolute  thickness,  having  a  certain  ascer- 
tainable density  at  the  level  of  the  sea  (its  pressure  being 
estimated  at  14^  lb.  avoirdupois  on  the  square  inch),  and 
gradually  becoming  rarer  or  more  attenuated  as  we  ascend 
to  its  extreme  upper  limit  Through  it  the  heat  and  light 
of  the  sun  are  equably  diffused  and  modified ;  and  it  is 
also  the  great  recipient  and  diffuser  of  all  watery  vapours 
arising  from  the  earth.  The  rarer  the  atmosphere  the  less 
its  capacity  for  heat ;  and  hence  the  greater  cold  of  elevated 
regions.  Its  capacity  for  vapour  increases  with  its  tempera- 
ture, and  this  contained  vapour  is  of  essential  service  in  pre- 
venting radiation  of  heat  from  the  earth's  surface — a  dry 
clear  atmosphere  being  followed  by  night  -  frosts,  while  a 
cloudy  or  misty  evening  is  accompanied  by  a  corresponding 
retention  of  the  earth's  caloric.  Local  alterations  in  its 
density*  or  expansibility  caused  by  heat  and  the  like,  produce 
aerial  currents — some  of  them  permanent  and  steady,  like 
the  trade-winds — others  periodical,  like  the  monsoons — and 
others,  again,  violent  and  fitful,  as  whirlwinds  and  hurri- 
canes. The  atmosphere,  in  fine,  is  the  great  laboratory  in 
which  all  meteorological  and  electrical  phenomena  are  elab- 
orated; hence  all  the  varied  aspects  and  results  of  winds, 
clouds,  rains,  snow,  hail,  and  thunderstorms.  These  and 
kindred  phenomena,  as  will  afterwards  be  seen,  are  continu- 
ally operating  on  the  earth's  surface, — mechanically,' as  rains 
and  winds;  chemically,  as  carbonic  acid  and  oxygen;  elec- 
trically, as  thunderstorms :  and  vitally,  as  in  the  support  of 
plants  and  animala. 

[  "  It  has  hitherto  been'conaidered,"  says  Sir  John  Ross,  in  his  *  Antarc- 
tic Voyages/  **  that  the  mean  pressure  of  the  atmosphere  at  the  level  of 
the  sea  was  nearly  the  same  in  all  parts  of  the  world,  as  no  material 
difference  occurs  between  the  equator  and  the  highest  northern  latitudes — 
the  mean  being  about  29. 85.  In  the  sotUhem  hemisphere,  however,  our  baro- 
metrical experiments  appear  to  prove  that  the  atmospheric  pressure  is 
considerably  less  at  the  equator  than  near  the  tropics ;  and  to  the  south 
of  the  tropic  of  Capricorn,  where  it  is  greatest,  a  gradual  diminution  occurs 
as  the  latitude  is  increased — the  mean  at  the  equator  being  29.974,  at 
the  tropics  30.085,  and  at  lat  74°  S.,  only  28.928."] 
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Figure  of  the  Earth. 

22.  The  earth,  a^  revolving  in  space  and  surrounded  by  its 
atmospheric  envelope,  is  of  a  globular  or  spherical  form.  The 
limits  of  this  form  have  been  defined  by  astronomers  with 
admirable  precision ;  but  it  is  enough  for  our  present  purpose 
to  state  the  result  in  approximate  numbers.  Measured  from 
north  to  south — ^that  is,  from  pole  to  pole — ^the  diameter  of 
the  earth  is  7899.170  miles;  while  measured  from  east  to 
west,  through  the  equator,  the  diameter  is  7925.648  miles. 
The  equatorial  diameter  thus  exceeds  the  polar  by  somewhat 
less  than  26^^  miles,  thereby  producing  a  deviation  from 
the  true  globular  form ;  in  other  words,  the  earth  is  an  oblate 
ellipsoid  of  revolution,  flattened  at  either  pole,  and  bulging 
out  at  the  equator  to  the  extent  above  mentioned.  Such  a 
figure  arises  from  the  rapid  rotation  of  a  globular  mass  of 
yielding  material  on  its  own  axis,  and  is  due  to  what  is 
termed  "centrifugal  force;"  and  such  is  presumed  to  be 
the  cause  of  the  earth's  spheroidal  fonn. 

23.  We  have  no  certain  evidence,  geologically  speaking,  of 
the  earth  ever  having  been  in  a  state  of  igneous  fusion,  though 
such  is  the  general  theoretical  belief ;  but  it  is  important,  as 
bearing  on  geological  speculations,  to  know  that  its  figure  is 
such  as  would  arise  from  the  rotation  of  a  soft  or  yielding 
mass  round  its  owi>  axis.  The  earth's  mass,  as  is  well  known, 
is  kept  together  by  the  force  of  gravitation ;  and  had  it  re- 
mained  at  rest,  its  fohn  would  have  been  perfectly  spherical ; 
but  the  moment  it  began  to  turn  on  its  own  axis,  the  particles 
of  its  mass  began  to  obey  another  law — ^viz.,  that  of  cerUrifu- 
gal  force,  which  exerts  itself  at  right  angles  to  the  axis  of  rota- 
tion, and  in  proportion  to  the  distance  from  that  axis.  Hence 
the  greater  bulging  out  of  the  earth's  mass  at  the  equator, 
where  the  distance  from  the  axis  is  greatest ;  and  hence  also 
the  gradual  declension  of  centrifugal  force  as  we  proceed  to- 
wards the  poles.  Gravitation  and  centrifugal  force  are  thus 
opposable  or  counteracting  powers ;  and  any  variation  in  the 
earth's  size  through  expansion  by  heat  or  contraction  by  cool- 
ing, any  variation  in  density  or  in  velocity  of  rotation,  would 
be  attended  by  a  proportional  deviation  from  the  true  form  of 
a  sphere.  Geology,  in  attempting  to  account  for  axis  of  ele- 
vation and  depression,  for  lines  of  fracture  and  other  kindred 
phenomena  in  the  earth's  crust,  may  guess  at  conditions  of  ori- 
£ma}  igneous  fusion  or  aqueous  plasticity  in  the  mass,  and  may 

luat  at  some  great  law  of  secular  coutiacUon  *,  but  it  must  be 
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confessed  that  on  these  and  similar  points  science  is  yet  unable 
to  offer  anything  like  the  certainty  of  demonstration.  In  the 
meantime,  the  spheroidal  figure  of  the  earth,  the  occurrence  of 
volcanoes,  and  other  thermal  phenomena,  are  best  accounted 
for  by  the  hypothesis  of  an  originally  incandescent  globe,  whose 
gradual  cooling  resulted  in  the  formation  of  a  solid  or  rocky 
crust. 

Density  of  the  Globe. 

24.  The  density  of  the  globe,  as  compared  with  the  materials 
known  in  and  upon  its  crust,  has  been  ascertained  with  consi- 
derable precision.  The  average  or  mean  density  of  the  most 
prevalent  rocky  substances  (granites,  greenstones,  limestones, 
sandstones)  is  about  2^  times  that  of  water;  the  density  of 
the  whole  globe,  as  ascertained  by  astronomic^  experiments, 
is  about  5J^  times  that  of  water — ^that  is,  distilled  water,  at 
the  temperature  of  60°  Fahrenheit.  From  experiments  with 
the  torsion-rod.  Cavendish  gives  it  as  5.48  ;  M.  Eeich,  as  5.44 ; 
and,  more  recently,  M.  BaiUy  as  5.6746  ;  while  the  Ordnance 
surveyors,  under  Colonel  Sir  Henry  James,  make  it  5.316,  as 
obtained  from  the  attraction  of  Arthur's  Seat,  near  Edinburgh. 
As  a  whole,  therefore,  the  globe  is  of  greater  density  than  the 
rock-materials  which  form  its  crust,  but  cannot  be  composed 
throughout  of  these  materials,  because,  were  the  law  of  gravi- 
tation acting  uniformly  towards  the  centre,  a  depth  would  soon 
be  arrived  at  where  the  density  of  ordinary  rocks  would  be- 
come so  great,  as  to  give  a  mean  density  to  the  earth  greater 
than  that  which  its  astronomical  relations  will  allow.  It  has 
been  calculated,  for  instance,  that  air,  at  the  depth  of  84  miles 
from  the  surface,  would  become  as  heavy  as  water ;  that  water, 
at  the  depth  of  362  miles,  would  be  as  dense  as  quicksilver ; 
and  that  the  density  of  marble,  at  the  centre  of  the  earth, 
would  be  1 19  times  greater  than  what  it  is  at  the  surface.  All 
this  leads  to  the  supposition  that  the  earth,  in  its  interior  parts, 
is  composed  of  substances  differing  in  constitution  from  those 
that  form  its  crust;  hence,  to  reconcile  its  mean  density  (5^^ 
times  that  of  water)  with  the  forces  of  attraction  and  gravita- 
tion, it  has  been  suggested  that  the  central  portions  may  con- 
sist of  matter  as  attenuated  as  the  lightest  known  gases,  or  even 
as  subtle  as  light  itself.  Such  conjectures,  however,  are  be- 
yond the  pale  of  geological  deduction,  which  limits  itself  to 
the  accessible  crust — to  that  which  can  be  seen,  ^lan^^^^  ^xl^ 
examined. 
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25.  Our  knowledge  of  the  earth  as  a  solid  mass,  in  as  far  as 
it  bears  on  geological  speculations,  may  be  briefly  stated  : — 
ist,  The  average  density  of  the  crust  is  about  2^  times  that 
of  water;  2d,  The  mean  density  of  the  whole  mass  is  5J^  times 
that  of  water ;  3d,  The  central  parts  cannot  consist  of  such 
substances  as  are  found  in  the  crust,  otherwise  their  compres- 
sion towards  the  centre  would  produce  a  much  greater  mean 
density  than  five  times  that  of  water ;  4th,  The  condensation 
of  the  central  mass  must  be  counteracted  by  some  expansive 
influence,  such  as  heat,  or  its  nature  must  be  altogether  differ- 
ent from  any  substance  with  which  we  are  acquainted ;  and, 
Sth,  The  ponderable  crust,  calculating  from  the  astronomical 
phenomena  of  precession  and  nutation,  cannot  be  less  than  a 
fourth  or  fifth  of  the  earth's  radius — ^that  is,  cannot  be  much 
less  than  800  miles.  We  say  ponderable  crust,  or  that  which 
makes  up  the  main  weight  of  the  globe ;  for  while  the  exterior 
portion  consists  of  solid  rocks,  such  as  we  see  at  the  surface, 
the  interior  mass  may  consist  of  molten  rock-matter,  or  even 
rock-matter  in  a  state  of  vaporiform  incandescence. 

• 

Temperature  of  the  Earth. 

26.  Closely  connected  with  the  density  of  the  globe  is  its 
temperature,  or  the  amount  of  heat  that  pervades  it.  As  one 
of  the  orbs  of  the  solar  system,  the  earth  has  a  variable  and 
irregular  surface  temperature;  it  has  also  a  temperature 
peculiar  to  the  rocky  crust ;  and  judging  from  volcanic  action, 
there  is  also  a  higher  and  more  remarkable  interior  or  central 
temperature.  Eespecting  the  surface  temperature^  it  may  be 
stated,  that  it  is  influenced  from  day  to  day,  and  from  season 
to  season,  by  the  heat-  of  the  sun ;  that  it  varies  according  to 
the  latitude,  being  greatest  at  the  equator,  and  gradually  de- 
creasing towards  the  poles ;  that  it  is  greatly  modified  by  the 
extent  and  distribution  of  sea  and  land — the  sea  and  sea-coasts 
being  more  equable  than  inland  continents,  which  experience 
extremes  of  heat  in  summer,  and  extremes  of  cold  during  win- 
ter; that  it  is  also  modified  by  the  absorbent  or  radiating 
nature  of  the  soil,  according  as  this  is  dark  or  light  coloured, 
dry  or  moist,  porous  or  compact ;  and,  lastly,  that  it  is  notably 
affected  by  elevation  above  the  mean  level  of  the  sea — ^the 
higher  being  the  colder  regions.  The  surface  temperature  of 
the  globe — that  is,  the  laying  down  of  lines  of  equal  heat  (iso- 

.  thermal,  isocheimal,  and  other  lines) — ^belongs  more  especially 
to  phjrsicaJ  geography^;  still,  so  muchxelatiug  to  the  distribu- 
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tion  of  plants  and  animals — the  waste  of  continents  and  trans- 
port of  rock-materials — depends  on  a  knowledge  of  its  leading 
facts,  that  the  geological  student  cannot  be  too  early  reminded 
of  its  connections  and  importance. 

27.  The  temperature  of  the  accessible  crust  is  affected  either 
by  the  direct  heat  of  the  sun,  by  heat  radiated  from  the  moon, 
by  heat  generated  chemically  among  its  own  materials,  or  by 
heat  derived  by  conduction  from  the  interior.  During  summer, 
for  instance,  the  earth  is  warmed  to  a  certain  depth  by  the 
heat  of  the  sun ;  during  winter,  the  heat  is  again  given  off  to 
the  surrounding  atmosphere;  and  though  the  heat  of  one 
summer  and  the  cold  of  one  winter  may  differ  from  the  heat 
and  cold  of  others,  still,  on  an  average  of  seasons,  the  results 
are  pretty  equable.  It  may  therefore  be  laid  down  as  an 
axiom,  that  in  summer  the  crust  of  the  earth  at  small  depths 
is  colder  than  at  the  surface ;  and  that,  during  winter,  the 
crust  at  these  depths  is  warmer  than  at  the  surface,  which  is 
more  immediately  exposed  to  the  passing  cold.  As  to  the 
heat  generated  within  the  crust  by  chemical  action  we  have 
no  accurate  knowledge,  though  it  appears  certain  that  the 
oxidation  of  many  substances,  magnetic  and  electric  currents, 
as  I  well  as  the  molecular  changes  incessantly  taking  place 
within  rock-masses,  could  not  possibly  occur  without  the  evo- 
lution and  dispersion  of  heat. 

.  [By  many  experiments  in  Scotland,  France,  Belgium,  and  Germany, 
wMch  have  been  carefully  collated  by  Leslie,  Quetelet,  Forbes,  &c.,  it  is 
found  that  the  middle  of  summer  and  winter,  so  to  speak,  occur— 

At  the  surface,  in  July  and  January ; 
3  feet  deep,  in  August  and  February  ; 
12  feet  deep,  in  October  and  April ; 
24  feet  deep,  in  December  and  June  ; 

And  at  less  than  100  feet  (say  90  feet),  the  variations  of  summer 
and  winter  become  wholly  insensible.] 

[Professor  Piazzi  Smyth's  astronomical  stations  on  Teneriffe,  in  1856, 
were  at  the  altitudes  8840  ft.  and  10,700  ft.  respectively  ;  and  even  at  the 
lowest  station  the  heat  radiated  from  the  moon  was  distinctly  perceptible. 
How  much  greater  this  heat  may  have  been  during  the  earlier  ages  of  our 
lunar  satellite,  and  how  much  the  climate  of  the  earth  may  have  been 
affected  thereby,  are  questions  now  fairly  opened  to  those  who  delight  to  ^ 
indulge  in  geological  ^peculation.] 

28.  Respecting  the  heat  of  the  interior^  we  see  it  abundantly 
manifested  in  hot  springs,  volcanoes,  and  the  like  •,  and  bov^, 
by  direct  experiment,  been  enabled  to  arrive  at  aome\Ta^o\\a:DL\» 
facts  relative  to  its  descending  rate  of  increase.    T\l\3l"&,  \^»\i^as^ 
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been  ascertained  that,  at  a  cert^n  depth  in  the  crust  of  the 
earth,  the  temperftture  remaine  stationary,  and  uninfluenced 
by  Hummer's  heat  or  winter'a  cold ;  and  this  depth  may  be 
reckoned  at  from  60  to  90  feet,  according  as  me  material 
passed  through  is  solid  rock,  clay,  sand,  or  water.  Below  this 
depth,  which  has  been  ccjled  "  the  etratnm  of  invariable 
temperature,"  it  has  been  found,  by  ezperimente  in  coal-pite, 
in  Bait-mines,  in  artesian  wells,  and  in  metalliferous  veins,  that 
the  temperature  increases — the  increase  varying  from  1°  Fahr. 
for  every  42  feet  in  some  mines,  to  1°  Fahr.  for  every  75  feet 
in  others.  Taking  the  average  of  the  most  reliable  experi- 
ments, it  may  be  assumed  that  a  rise  of  one  degree  of  Fahren- 
heit's thennometer  takes  place  for  every  60  or  65  feet  of 
descent  j  and  calculating  at  this  rate  of  increase,  a  temperature 
(2400°  Fahr.)  would  be  reached  at  a  depth 
'  of  25  miles  or  thereby,  sufficient  to  keep  in 
'  fusion  such  rocks  as  basalt,  greenstone^  and 
porphyry.  At  the  same  rate  of  increase,  or 
even  admitting,  as  some  contend,  that  the 
thermometer  only  rises  one  degree  for  every 
90  feet,  we  would,  at  the  depth  of  150  miles 
or  thereby,  arrive  at  snch  a  temperature 
(100°  Wedgewood's  pyrometer)  that  the 
most  refractory  rock-substances  would  be 
dispersed  before  it  like  vapour.  We  know 
little,  however,  of  the  deportment  of  heat 
under  such  a  pressure  as  must  exist  at  these 
depths,  and  can  only  indicate  the  line  of 
reasoning  which  leads  to  the  general  belief 
that  the  solid  or  rocky  crust  forms  but  a 
comparatively  thin  film  or  rind,  and  that 
the  great  interior  mass  exists  in  a  state  of 
high  incandescence  or  molten  fluidity. 

29.  In  a  previous  paragraph  it  was  seen 
that  astronomical  calculations  set  down  the 
appreciable  or  ponderable  crust  at  a  thick- 
ness of  800  miles ;  the  probability  has  abo 
been  shown,  that  at  a  depth  of  25  miles  or 
thereby,  there  exists  a  temperature  aufScient 
to  keep  in  fusion  a  large  proportion  of  the 
rocks  with  which  we  are  acquainted  at  the 
surface ;  while  at  the  depth  of  150  mUes  all 
rock-matter  would  be  reduced  to  a  state 
of  vaporiform  incandescence,     Thiomug  ih«ee  T«a\J.<U  into  the 
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form  of  an  approximate  diagram,  we  shall  have  the  dotted  line 
a  indicating  the  stratimi  of  invariable  temperature ;  b  the  limit 
of  the  solid  rock-crust ;  c  that  of  the  molten  zone ;  and  d  that 
of  the  appreciable  or  ponderable  portion  which  envelops  the 
unknown  interior.  Looking  at  the  comparative  thinness  of 
the  solid  crust,  one  can  readily  conceive  how  much  it  must  be 
affected  by  any  commotion  in  the  interior  zones,  or  by  any 
contraction  or  expansion  of  the  entire  mass.  Hence  the 
tremors,  the  undulations,  the  upheavals  and  subsidences  occa- 
sioned by  earthquake  and  volcanic  convulsions;  and  hence 
also  the  fissures  and  fractures  which  everywhere  traverse  the 
rocky  crust,  whether  they  may  have  arisen  from  the  efforts  of 
local  forces,  or  from  the  operations  of  some  unknown  but  gen- 
eral law  of  secular  contraction. 

30.  Whatever  be  the  exact  proportions  and  conditions  of 
the  crust  and  interior  of  the  earth,  we  know  enough  of  its 
temperature  to  warrant  the  following  general  conclusions : — 
I.  That  the  surface  temperature  is  mainly  derived  from  the 
sun,  and  that  though  variable  and  irregular  during  any  one 
season,  it  is,  on  an  average  of  many  seasons,  capable  of  being 
laid  down  with  considerable  certainty ;  2.  That  the  tempera- 
ture of  the  crust,  as  depending  on  external  heat,  is  also  variable 
to  the  depth  of  from  60  to  90  feet,  but  that  at  this  limit  it 
remains  stationary ;  3.  That  downwards  from  this  invariable 
stratimi  the  temperature  increases  at  the  rate  of  one  degree  for 
every  60  or  65  feet,  and  that  at  this  rate  a  temperature  would 
soon  be  reached  sufficient  to  keep  in  fusion  the  most  refractory 
rock-substances;  4.  That  this  high  internal  temperature  is 
apparently  the  cause  of  hot  springs,  volcanoes,  earthquakes, 
and  other  igneous  phenomena,  which  make  themselves  known 
at  the  surface ;  and,  lastly.  That  intense  as  the  interior  heat 
may  be,  the  surface  of  the  globe  is  scarcely,  if  at  all,  affected 
by  it  (according  to  Fourier,  only  ^th  of  a  degree),  owing  to 
the  weak  conducting  properties  of  the  rocky  crust. 

[Allowing  for  the  weak  condacting  powers  of  a  gradually  thickening 
rocky  crust,  the  following  are  Fourier's  generalisations : — i.  That  the  cool- 
ing of  the  earth,  and  the  increase  of  temperature  in  proportion  to  the  depth 
below  the  snrface,  has  been  much  greater  formerly  than  it  is  now  ;  2.  That 
more  than  30,000  years  will  be  required  to  lessen  by  one  half  the  present 
rate  of  increase  of  temperature — ^that  is,  to  reduce  the  increase  to  5^  degree 
in  60  feet ;  3.  That  the  effect  of  central  heat  is  now  scarcely  perceptible  on 
the  surface,  not  raising  the  temperature  iVth  of  a  degree ;  4.  That  for  nearly 
2000  years  this  effect  has  not  diminished  by  ^th  of  a  degree  ;  and  that  in 
this  case,  as  in  all  great  phenomena  of  the  universe,  &  iXiaxVL!^  <^Ckax^*c:!^T 
of  stabililr^  is  observable.] 
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Surface  Configuration. 

31.  Although  it  is  properly  the  province  of  geography  to 
describe  the  surface  aspects  of  the  globe,  these  aspects  are 
produced  by  the  operations  of  geological  agents,  and  again  re- 
act in  producing  new  geological  phenomena.  On  the  whole,  the 
surface  configuration  of  the  globe  is  extremely  irregular — ^here 
spreading  out  in  vast  plains  and  plateaux,  there  rising  up  in 
abrupt  mountain-chains;  here  undulating  in  gentle  hills  and 
valleys,  there  sinking  in  deep  ravines  or  shooting  up  in  craggy 
precipices;  here  stretching  out  in  fertile  alluvial  fields,  and 
there  in  expanses  of  barren  desert  sand.  Still,  though  present- 
ing aU  this  irregularity,  it  is  possible,  by  tracing  the  direction 
of  mountain-chains  and  valleys,  to  establish  certain  systems  or 
plans  of  arrangement ;  and  by  such  arrangements  to  arrive  at 
important  conclusions  respecting  temperature,  winds,  rainfall, 
drainage,  distribution  and  growth  of  plants  and  animals — in 
fine,  at  conclusions  intimately  connected  with  the  causes  now 
productive  of  geological  change  on  the  face  of  the  globe.  Thus, 
without  a  knowledge  of  the  surface  configuration  of  a  country, 
the  altitude  and  steepness  of  its  hills,  the  breadth  or  abrupt- 
ness of  its  valleys,  and  so  forth,  it  would  be  impossible  to 
arrive  at  any  conclusion  respecting  the  waste  caused  by  streams 
and  rivers,  the  effects  of  frosts,  snows,  and  glaciers,  the  pheno- 
mena of  periodical  rains  and  inundations,  the  limits  and  exu- 
berance of  vegetable  growth,  and  the  distribution  and  dispersion 
of  animals. 

32.  Elevation  above  the  level  of  the  sea  is  perhaps  one  of 
the  most  striking  and  appreciable  of  superficial  phenomena. 
As  we  ascend  above  the  searlevel,  the  temperature  sinks — not 
at  a  unifonfi  rate,  as  has  been  shown  by  the  baUoon  ascents  of 
Glaisher  and  Wahl,  but  at  a  general  ratio  which  may  be  assumed 
at  one  degree  Fahrenheit  for  every  300  or  350  feet  of  eleva- 
tion ;  and  as  the  sea-level  temperature  varies  according  as  the 
latitude  is  tropical,  temperate,  or  arctic,  so  we  attain  the  height 
at  which  snow  perpetually  lies  much  sooner  in  temperate  than 
in  tropical  regions.  Thus  in  Iceland,  and  at  the  North  Cape 
(lat.  71°  10'),  the  snow-level  is  about  2000  feet  above  the  sea; 
in  Norway  it  ranges  from  4000  to  6000  feet ;  on  the  Alps  and 
Pjrrenees,  from  8000  to  9000 ;  in  the  Atlas  range,  from  11,000 
to  12,000;  while  under  the  tropics  the  same  altitudes  are 
clothed  with  the  verdure  of  luxurious  forests — the  snow-line 
not  being  reached  till  we  attain  the  height  of  16,000  and 

jS,ooo  feet  in  the  Peruvian  Andes  and  Southern  Himalayas. 
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It  is  for  this  reason  that,  in  ascending  a  mountain  from  the 
sea-level  to  the  limit  of  perpetual  snow,  "we  pass,"  says 
Herschel,  "  through  the  same  series  of  climates,  so  far  as  tem- 
perature is  concerned,  which  we  should  do  by  travelling  from 
the  same  station  to  the  polar  regions  of  the  globe;  and  in 
a  country  where  very  great  differences  of  level  exist,  we  find 
every  variety  of  climate  arranged  in  zones  according  to  the 
altitude,  and  characterised  by  the  vegetable  productions 
appropriated  to  their  habitual  temperatures."  And  so  it 
happens,  that  under  the  tropics  an  elevation  of  a  few  thousand 
feet  produces  a  climate  and  vegetation  akin  to  that  of  temper- 
ate latitudes;  while  at  the  base  of  these  heights  the  valley 
may  be  teeming  with  the  rankest  growth  of  a  tropical  flora. 
A  snow-clad  mountain-range  crossing  a  continent  forms  a  more 
impassable  barrier  to  the  migration  of  plants  and  animals  than 
even  the  ocean  itself ;  while  its  crags  and  ravines,  under  the 
influence  of  frost  and  snow,  avalanches  and  glaciers,  exhibit 
an  amount  of  geological  waste,  and  give  birth  to  a  series  of 
rivers  of  a  totally  different  character  from  those  which  char- 
acterise lower  and  flatter  regions  under  the  same  parallels  of 
latitude.  Nor  is  it  alone  the  temperature  that  decreases  with 
altitude,  there  is  also  greater  dryness  (in  virtue  of  the  general 
law  of  atmospheric  rarity)  in  its  higher  strata ;  and  thus  we 
have  moisture,  amount  of  cloud,  force  and  direction  of  winds, 
all  less  or  more  altered  from  their  normal  condition  at  the 
sea-level  in  the  same  latitudes.  A  country,  also,  whose 
valleys  discharge  themselves  at  right  angles  to  the  coast-line, 
and  are  thus  exposed  to  the  influence  of  the  sea-breeze,  exhibits 
phenomena  of  climate  and  vegetation  very  different  from  those 
exhibited  in  a  country  whose  main  valleys  run  parallel  to  the 
coast-line,  and  are  consequently  shut  out  from  the  ocean. 
These,  and  other  conditions  which  must  at  once  suggest  them- 
selves to  the  reflecting  student,  are  so  numerous  and  varied, 
that  we  can  thus  only  indicate  their  nature,  and  the  results  to 
which  they  give  origin.  The  whole  of  nature,  organic  and 
inorganic,  is  so  sensitive,  one  portion  to  the  influence  of  an- 
other, that  the  slightest  change  in  one  particular  is  instantly 
felt,  and  reacts  and  ramifies  in  a  thousand  directions ;  and  it 
is  this  tracing  of  the  chain  of  cause  and  effect  which  gives  to 
the  Natural  Sciences  their  chief  value  as  a  mental  exercise, 
and  their  zest  as  an  intellectual  enjoyment. 

[Several  of  the  effects  of  extreme  altitude  have  been  'weW  \\V\\afew.\A^\s^ 
Professor  Piazzi  Smyth  during  bis  recent  sojourn  oufhetiev^Xa  oi1«ftftr 
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rifiTe.  Thus,  on  the  peak  (12,205  ^eet),  the  snmmer  wind  is  habitually  S.  W., 
and  the  sky  almost  always  cloudless,  while  at  the  foot  of  the  mountain  the 
N.E.  trade  prevails,  and  a  dense  stratum  of  cloud  covers  the  surrounding 
ocean.  Not  only  the  aTnmmt  but  the  quality  of  solar  radiation  is  affected, 
and,  by  the  greater  absorption  of  the  actinic  rays,  the  colouring  of  the  flowers 
is  more  brilliant  in  the  higher  than  in  the  lower  regions.  Again,  owing  to 
the  desiccation  of  the  higher  aerial  strata,  nothing  save  lichens  were  found 
from  the  peak  downwards  to  10,000  feet ;  from  9800  feet  to  5700  feet  the 
Cytiaus  nttbigensis  formed  an  exclusive  zone  of  vegetation  ;  next  the  Erica 
arboracea  prevailed  from  5700  to  3000  feet ;  and  from  3000  feet  downwards 
there  occurred  a  mixed  zone,  in  which  ferns  gave  place  to  the  laurel,  the 
laurel  to  the  vine,  and  so  on  to  the  sea-level — 3000  feet  being  the  lower 
level  of  the  perennial  mountain-cloud  which  separates  the  upper  from  the 
lower  wind-currents. 

It  has  often  been  surmised,  and  even  asserted,  by  some  of  our  highest 
authorities,  that  the  diminished  atmospheric  pressure  which  takes  place  at 
great  elevations  may  have  some  direct  effect  in  producing  an  alpine  char- 
acter on  the  vegetation.  On  this  subject  Dr  Hooker,  in  his  '  Himalayan 
Journals,'  very  decidedly  remarks  :  **I  know  of  no  foundation  for  this  hy- 
pothesis ;  many  plants,  natives  of  the  level  of  the  sea  in  other  parts  of  the 
world,  and  some  even  of  the  hot  plains  of  Bengal,  ascend  to  12,000  and 
even  15,000  feet  in  the  Himalayas,  unaffected  by  the  diminished  pressure. 
It  is  the  same  with  the  lower  animals ;  innumerable  instances  may  with 
ease  be  adduced  of  pressure  alone  inducing  no  appreciable  change,  whilst 
there  is  absence  of  proof  to  the  contrary.  The  phenomena  that  accom- 
pany diminished  pressure  are  the  real  causes  of  change  and  specific  pecu- 
liarity—  of  which  cold  and  the  excessive  climate  are  perhaps  the  most 
formidable."] 

Distribution  of  Land  and  Water. 

33.  Intimately  connected  with  the  surface  configuration  of 
the  globe — ^forming,  indeed,  one  of  its  prominent  superficial 
aspects — ^iB  the  distribution  of  land  and  water.  At  present 
about  three-fourths  of  the  earth's  superficies  is  covered  by 
water;  that  is,  if  we  assign  51  millions  of  square  miles  to  the 
land,  there  will  remain  about  146  millions  for  the  extent  of 
surface  covered  by  the  ocean — ^this  ocean  surrounding  or  in- 
sinuating itself  into  the  recesses  of  the  land  in  a  very  irregular 
manner.  The  dry  land  appears  in  the  form  of  continents  and 
islands ;  the  water  spreads  out  into  oceans,  seas,  bays,  and 
gulfs.  The  land  rises  variously  and  irregularly  above  the 
level  of  the  water  in  the  great  northern  plains  of  Europe  and 
Siberia,  from  500  to  1000  feet,  and  in  the  Andes  and  Himalaya 
from  10,000  to  29,000  feet.  The  depth  of  the  sea  also  varies 
from  low  shallow  shores  and  shoals  and  banks  only  a  few 
fathoms  under  water,  to  depths  beyond  the  reach  of  the  sound- 
ing-line,  which  has  been  sunk  to  full  27,000  t^t  in  the  South 
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Atlantic.  This  relative  depth  of  sea  and  altitude  of  land 
forms  an  important  cosmical  consideration,  as  on  it  depend 
many  of  the  conditions  that  regulate  the  kind  and  distribution 
of  vegetable  and  animal  life.  Thus,  as  the  waters  only  occupy 
those  portions  of  the  earth's  surface  depressed  below  a  certain 
level,  it  is  evident  that  the  wider  these  areas  of  depression  the 
shallower  the  seas,  and  the  greater  their  proportion  to  the  dry 
land.  A  wider  area  of  sea  and  a  less  elevated  surface  of 
continent  and  islands  would  materially  modify  the  temperature 
of  the  globe — ^would  give  rise  to  a  milder  and  'more  equable 
climate,  and  to  a  more  general  diffusion  of  the  same  aspects  of 
vegetable  and  animal  existence.  On  the  other  hand,  more 
elevated  continents,  and  deeper  and  more  contracted  seas, 
would  be  attended  with  a  diminution  of  general  temperature, 
and  a  breaking  up  of  vegetable  and  animal  forms  into  numer- 
ous local  and  Umited  aspects.  At  present  the  greater  propor- 
tion of  dry  land  exists  in  the  northern  hemisphere ;  and  were 
this  land  elevated  a  few  thousand  feet,  a  great  portion  of  it 
would  then  be  reduced  to  boreal  conditions,  while  much  of  it 
would  be  placed  altogether  beyond  the  limits  of  organic  en- 
durance. The  student  will  thus  perceive  how  important  the 
results  depending  on  the  relative  height  of  land  and  depth  of 
ocean ;  and  will  be  prepared  to  admit  how  greatly  the  former 
conditions  of  the  globe  may  have  been  influenced  by  this  single 
relation. 

34.  Nor  does  the  relative  configuration  of  sea  and  land 
exert  a  less  general  or  important  influence.  At  present  a  cer- 
tain mean  annual  temperature  ia  found  to  prevail  over  certain 
latitudes,  and  this  temperature  or  climate  we  know  depends 
in  a  great  measure  upon  the  configuration  of  the  existing 
continents.  Had  these  continents,  therefore,  been  less  broken 
up  by  seas,  had  they  lain  in  solid  masses,  or  had  they  lain  in 
an  east-and-west  direction,  instead  of  stretching  southward  in 
long  spur-like  projections,  there  cannot  be  a  doubt  that  their 
climates  would  have  been  much  more  rigorous  and  severe.  On 
the  other  hand,  had  they  been  more  broken  up  by  inland  seas, 
their  mean  temperature  would  have  been  increased ;  and  with 
this  exalted  temperature  and  a  greater  area  of  shallow  sea  ex- 
posed to  evaporation,  there  would  have  been  more  genial  climates, 
greater  atmospheric  moisture,  and  a  more  luxuriant  growth  of 
subtropical  vegetation.  Nor  is  it  alone  on  the  vital  conditions 
of  the  globe  that  this  configuration  exerts  its  influence ;  it  also 
exercises  direct  and  important  geological  infiuenae^  ol  ^  TCLOt^ 
mechazzi^  nature  by  deteimiiiing  the  direction  oi  \>\dii  «sA 
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oceanic  currents,  and  by  modifying  the  height  and  force  of 
waves.  As  will  afterwards  be  seen  (Chap.  IIL),  tides  and 
waves  are  most  important  agents  of  geological  change — ^here 
wasting  and  degrading,  there  transporting  and  piling  up  the 
waste  material,  and  in  these  ceaseless  operations  retarded  or 
augmented  by  the  configuration  of  the  coast-line — its  head- 
lands, promontories,  and  bays.  The  tide,  that  travels  at  the 
rate  of  six  or  eight  miles  an  hour  in  the  German  Ocean,  and 
rises  from  12  to  20  feet,  creeps  almost  imperceptibly  along  the 
shores  of  the  land-locked  Baltic,  where  its  rise  is  scarcely  as 
many  inches.  The  tidal  phenomena  of  the  Bay  of  Biscay,  or 
the  Bristol  Channel,  with  a  rise  of  from  30  to  40  feet,  must  be 
altogether  different  from  those  of  the  Mediterranean,  where 
the  pulsation  is  scarcely  felt ;  and  the  geological  results  arising 
from  the  ordinary  tide  which  flows  aJong  the  open  coast  of 
North  America,  can  scarcely  be  compared  with  those  depend- 
ing on  the  gigantic  surge  that  rushes  to  the  height  of  60  or 
70  feet  into  the  cul-de-sac  of  the  Bay  of  Fundy.  All  these 
and  similar  differences  connected  with  tidal  action,  are  thus 
directly  attributable  to  the  relative  configuration  of  sea  and 
land.  So  in  like  manner  with  the  height  and  force  of  the 
waves ;  and  so  also  with  the  oceanic  currents  like  the  Gulf 
Stream  and  Arctic  current,  which  are  not  only  the  transporters 
of  products  from  one  region  to  another,  but  the  equalisers  of 
temperature  among  the  waters  of  the  ocean,  and  the  modi- 
fiers of  the  distribution  of  marine  life,  as  well  as  of  the 
life  of  the  seaboards  against  which  the  flow  of  their  waters 
impinges. 

Constitution  of  the  Ocean. 

35.  Respecting  the  constitution  of  the  ocean — ^that  is,  the 
composition  of  its  water,  its  temperature,  pressure,  and  so 
forth--observation  and  analysis  supply  the  geologist  with 
many  important  facts.  Unless  along  coasts  subject  to  abrasion 
by  waves  and  tides  at  the  mouths  of  rivers,  and  in  the  course 
of  great  sea-currents,  there  is  very  little  matter  mechanically 
suspended  in  the  waters  of  the  ocean.  After  storms  and  land- 
floods  the  seiBi  in  some  regions  is  turbid  for  many  leagues  off 
shore;  but  when  the  storm  and  floods  have  subsided,  the 
water  soon  regains  its  transparency,  except  in  such  areas  as  the 
Yellow  Sea,  the  Bay  of  Bengal,  the  estuary  of  the  Amazon, 
&c.,  where  the  river-borne  debris  renders  it  always  less  or 
more  muddy  and  discoloured.     The  B\\ba\aivfte&  Taald  in  chemi- 
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col  soltUion  are  chloride  of  sodium  (common  salt),  chlorides  and 
sulphates  of  magnesia  and  lime,  together  with  minor  and  vary- 
ing proportions  of  salts  of  potash  and  ammonia,  iodides  and 
bromides  of  sodium,  carbonate  of  lime,  silica,  &c,,  amounting 
in  all  from  3  J^  to  4j^  grains  in  the  hundred  of  water ;  or  giv- 
ing sea-water,  as  compared  with  absolutely  pure  water  at  62° 
Fahr.,  a  mean  specific  gravity  of  1.0275.  These  ingredients 
vary  in  different  seas,  but  only  to  the  extent  of  a  fractional 
percentage.  Thus  it  is  said  that  the  waters  of  the  Southern 
Ocean  are  Salter  than  those  of  the  Northern ;  that  the  greatest 
saltness  takes  place  between  22°  north  and  17°  south  of  the 
equator ;  that  from  these  limits  towards  either  pole  there  is  a 
slight  progressive  diminution ;  that  some  inland  seas,  like  the 
Baltic,  though  communicating  with  the  ocean,  are  less  salt,  in 
consequence  of  the  influx  of  rivers,  while  others,  like  the  Red 
Sea,  are  salter,  in  consequence  of  excessive  evaporation,  and  the 
non-influx  of  rivers ;  and  though  the  saltness  of  the  sea  be 
pretty  uniform  at  great  depths,  still  at  the  surface,  owing  to 
the  admixture  of  rain,  river-water,  iceberg-water,  &c.,  it  is  not 
quite  so  salt.  It  has  also  been  ascertained  that  the  water  from 
the  surface  contains  less  air  than  does  that  from  depths,  and 
the  difference  may  equal  one-hundredth  of  the  volume  of  water; 
while  at  great  depths  the  amount  of  carbonic  acid  gas  is  in  ex- 
cess of  that  at  the  surface.  These  and  similai'  facts  serve  to 
explain  certain  phenomena  connected  with  oceanic  life,  as  it  is 
from  these  saline  ingredients  that  shell-fish,  corals,  zoophytes, 
and  searplants  derive  the  solid  matter  of  their  structures,  and 
as  it  is  also  owing  to  this  composition  of  the  ocean  that  ma- 
rine plants  and  animals  assume  different  characteristics  from 
those  of  the  land  and  fresh  waters. 

36.  Respecting  the  temperature  of  the  ocean,  few  reliable  or 
sufficiently  extended  observations  have  yet  been  made.  We 
know,  however,  that  it  is  more  equable  than  that  of  the  land ; 
and  that,  though  the  superficial  portions  are  colder  in  summer 
than  the  surrounding  atmosphere  of  any  contiguous  district, 
they  are  in  winter  always  several  degrees  higher — thus  exer- 
cising the  function  of  a  great  storehouse  of  heat  for  modifying 
and  equalising  the  climates  of .  the  adjacent  lands.  The  sur- 
face temperature  is  necessarily  highest  at  the  equator,  and  gra- 
dually diminishes  as  we  approach  either  pole.  At  the  depth 
of  about  60  fathoms  the  temperature  is  pretty  constant  under 
every  latitude,  but  gradually  sinks  as  we  descend,  till  the  enor- 
mous depth  of  2000  fathoms  is  reached,  and  t\\eiv.  \\.  ^fceo^a  \ft 
remain  stationary  at  the  minimum  of  39^.      l\a  mcau  tcfnvpwor 
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turCy  from  such  experiments  as  have  been  made,  is  estimated 
at  39j^°,  or  7J^°  above  the  freezing-point  of  pure  water, 
and  as  nearly  as  possible  at  the  point  of  its  mean  density, 
though  some  currents  rise  considerably  above  (4° — 10°),  and 
others  fall  below  (10°  — 12°),  this  computed  mean.  Salt 
water  is  also  less  sensitive,  if  we  may  so  speak,  to  cold  than 
fresh  water — ^the  latter  freezing,  as  is  well  known,  at  32°, 
while  sea-water  is  not  converted  into  ice  till  the  thermometer 
sinks  to  28^°rahr.  It  is  also  less  vaporisable  than  fresh 
water — ^that  is,  a  given  extent  of  salt-water  surface  gives  oflf 
less  vapour  during  the  same  time  and  under  the  same  condi- 
tions than  an  equal  extent  of  fresh-water  surface. 

[According  to  the  experiments  of  Sir  John  Ross  (*  Voyage  to  the  Southern 
Seas,'  vol.  ii.  p.  377),  the  circle  of  mean  temperature  of  the  ocean  in  the 
southern  hemisphere  lies  between  the  s6th  and  the  57th  parallels  of  latitude 
— along  which  belt  the  uniform  temperature  of  39  J^°  has  been  found  to  pre- 
vail at  all  depths  from  the  surface  downwards.  To  the  south  of  this  line, 
owing  to  the  absence  of  solar  heat,  the  surface-depths  are  colder,  and  the 
mean  of  39  J^®  is  not  reached  in  the  70th  parallel  till  we  descend  to  the  depth 
of  750  fathoms,  beneath  which,  to  the  greatest  depths,  the  temperature  is 
uniformly  at  39  M**  while  the  surface  temperature  is  only  30®.  To  the  north 
of  the  line  of  mean  temperature,  in  consequence  of  the  absorption  of  the 
sun's  heat,  the  surface-depths  are  warmer ;  and  in  the  45th  parallel  the 
mean  temperature  of  393^°  is  not  reached  till  we.  descend  to  600  fathoms ; 
while  at  the  equator  we  have  to  descend  1200  fathoms  before  the  same  mean 
is  obtained,  and  then  at  all  depths  below  this  it  maintains  the  unvarying 
mean  temperature  of  39^^°,  though  the  surface  is  at  78°  1  "  These  observa- 
tions force  upon  us,"  continues  Sir  John,  "  the  conclusion  that  the  internal 
heat  of  the  earth  exercises  no  influence  upon  the  temperature  of  the  ocean, 
or  we  should  not  find  any  part  in  which  it  was  equable  from  the  surface  to 
the  great  depths  we  have  reached — a  new  and  important  fact  in  the  physics 
of  our  globe." — The  recent  dredgings  of  Dr  Carpenter  and  his  colleagues, 
in  the  North  Atlantic,  would  tend  to  show  that  there  are  colder  and  warmer 
areas  of  the  ocean,  varying  from  ice-cold  water  (28%°)  to  40®,  according  to 
the  nature  of  the  submarine  currents  which  flow  over  these  areas.] 

37.  Again,  water  being  slightly  compressible,  (about  -sirrth 
of  its  own  bulk  at  the  depth  of  1000  feet),  it  follows  that  at 
great  depths  in  the  ocean  the  water  will  be  denser  than  at  the 
surface;  and  consequently,  phenomena  that  take  place  near 
the  shores  will  be  modified  or  even  be  impossible  at  extreme 
depths,  in  consequence  of  the  combined  influence  of  pressure, 
diminished  light  and  heat,  and  the  presence  of  a  greater 
amount  of  carbonic  acid.  Tlie  effect  of  depth  in  regulating  the 
distribution  of  species,  for  example,  is  one  of  the  prettiest  prob- 
/ews  ID  biology,  every  zone  from  the  shore  seawards  being  cha- 
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racterised  by  its  own  specific  forms ;  and,  as  will  hereafter  be 
seen  (par.  68),  the  comparative  depths  of  seas  of  deposit  may 
be  ascertaeined  with  considerable  certainty  by  a  study  of  the 
fossils  found  in  such  deposits.  Following  out  this  idea  of  vary- 
ing zones  of  life  and  depth,  it  was  believed,  till  lately,  that  at 
extreme  depths,  under  increased  pressure  and  absence  of  light 
and  heat,  there  could  be  no  plants  and  animals ;  and  that  the 
extreme  depressions  of  seas,  like  the  extreme  elevations  of  the 
land,  were  barren  and  lifeless  solitudes.  The  soundings  and 
dredgings  of  Dr  Wallich,  and  more  recently  of  Carpenter,  Thom- 
son, and  Jeflfreys,  in  the  North  Atlantic  (see  Proc.  of  Roy.  Soc., 
voL  xvii.),  have  dispelled  this  notion,  an  abundant  fauna  of 
foraminifera,  radiolaria,  sponges,  star-fishes,  and  other  lowly 
organisms  occurring  along  the  warmer  areas  of  the  sea-bed  at 
depths  from  5000  to  13,000  feet.  We  say  the  warmer  areas, 
for  in  cold  areas  where  the  temperature  sank  below  39**  to  32° 
or  even  28°  and  25°,  these  forms  appeared  to  be  altogether  ab- 
sent; thus  showing  that  temperature  more  than  pressure  or 
absence  of  light  is  the  great  regulator  of  life  in  the  abysses  of 
the  ocean.  Further,  at  great  depths  all  loose  debris  wiU  be 
compressed  and  consolidated  in  a  manner  differing  from  that 
near  the  shore ;  for,  according  to  the  experiments  of  Sir  James 
Hall,  even  limestone  could  be  fused  without  the  loss  of  its  car- 
bonic acid  under  a  pressure  of  a  column  of  water  1708  feet  in 
height. 

[Since  the  experiments  of  Sir  J.  Hall,  it  has  been  discovered  that  pressure 
has  less  to  do  with  the  retention  of  carbonic  acid  gas  than  the  nature  of  the 
drcumjacent  atmosphere ;  hence,  as  is  stated  to  be  the  case  by  Professor 
Faraday,  masses  of  limestone  are  sometimes  fused  and  crystallised  even  in 
common  limekilns.  Carbonate  of  lime  can  be  heated  to  almost  any  de- 
gree, according  to  Faraday,  in  an  atmosphere  of  carbonic  acid  gas,  without 
being  decomposed;  and  Gay  Lussac  found  that  fragments  of  limestone, 
placed  in  a  tube  and  heated  to  a  degree  not  sufficient  by  itself  to  cause 
their  decomposition,  yet  immediately  evolved  their  carbonic  acid  when  a 
stream  of  common  air  or  steam  was  passed  over  them.  Gay  Lussac  attri- 
butes this  to  the  mechanical  displacement  of  the  nascent  carbonic  acid  gas. 
Referring  to  these  facts,  Mr  Darwin  remarks  that  he  has  seen  limestone 
crystallised  by  the  heat  of  superincumbent  lava,  where  the  flow  must  have 
taken  place  in  comparatively  shallow  water,  and  where  the  retention  of 
the  carbonic  acid  gas  could  only  be  accounted  for  on  the  principles  dis- 
covered by  Faraday  and  Lussac.] 
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NOTE,   RECAPITULATORY  AND   EXPLANATORY. 

38.  In  the  preceding  chapter  we  have  endeavoured  to  pre- 
sent an  outline  of  those  general  conditions  and  relations  which 
belong  to  the  earth  as  a  planet,  and  which  lie  at  the  bottom 
of  all  the  physical  changes  its  surface  has  undergone  or  may 
be  still  undergoing.  The  minuter  details  of  those  relations 
belong  to  Astronomy  and  Physical  Geography ;  but  enough, 
we  presume,  has  been  stated  to  convince  the  geological  student 
of  the  importance  of  such  considerations,  and  to  put  him  on 
the  way  of  working  out  for  himself  the  higher  problems  they 
involve.  So  long  as  the  earth  is  subject  to  the  laws  of 
the  planetary  system  of  which  it  forms  a  part,  so  long  wiU 
the  general  conditions  concomitant  with  these  laws  continue 
to  impart  a  steadiness  and  uniformity  to  the  geological 
operations  that  take  place  on  its  surface.  No  doubt,  the 
forces  of  gravitation  and  heat  cannot  be  exerted  without 
producing  motion,  and  motion  implies  change  of  place  or 
change  of  condition;  but  such  changes  may  either  consti- 
tute a  limited  and  recurring  succesdmi,  or  form  part  of  an  un- 
limited progression^  of  which  we  see  only  a  passing  portion, 
and  from  that  portion  can  infer  something  of  what  has  gone 
before,  and  something  of  what  is  yet  to  follow.  It  is  on  a 
belief  in  this  steadiness  and  uniformity  in  the  operations  of 
nature  that  we  build  all  our  knowledge  ;  and,  so  far  as  science 
can  discern,  nothing  has  occurred  during  the  few  thousand 
years  of  man's  experience  to  invalidate  the  conviction. 
Whether,  therefore,  the  changes  our  earth  has  undergone  be 
part  of  a  recurring  succession  of  such  modifications,  or  belong 
to  a  vast  cosmical  progression,  we  are  bound  alike  by  science 
and  reason  to  account  for  them  on  the  principle  of  natural  law, 
and  to  reject  every  suggestion,  however  ingenious,  which 
ignores  this  foundation-  When  such  hypotheses,  then,  as 
nebular  condensation,  original  igneous  fluidity,  change  of  axis 
of  rotation,  secular  contraction  of  the  earth's  mass,  highly 
carbonated  atmosphere,  the  passage  of  the  solar  system  through 
colder  and  warmer  regions  of  space,  and  the  like,  are  advanced 
to  accoimt  for  geological  phenomena,  the  student  must  receive 
them  merely  as  hypotheses,  not  as  the  "  true  aiid  suffiderU 
caicses**  of  inductive  philosophy.  The  legitimate  progress  of 
human  science  lies  over  a  pathway  of  observation,  fact,  and 
deduction,  and  is  little  aided  by  conjecture,  however  plausible 
and  possible.     If,  in  any  instance,  we  cannot  account  for 


BBCAPITULATION.  49 

geological  phenomena  by  the  existing  conditions  of  our  planet, 
and  tiie  complex  operations  to  which  their  mutual  relations 
may  give  rise,  let  us  rather  rest  contented  with  a  simple  de- 
scription of  appearances,  than  appeal  to  causes  the  existence 
of  which  science  is  not  yet  prepared  to  substantiate.  Let  us 
strive  first  to  exhaust  the  range  of  normal  causation  in  exist- 
ing nature,  and  even  then  let  us  continue  to  work  and  watch, 
ratiier  than  fall  back  on  the  idle  and  unphilosophical  resort  of 
abnormal  conditions  in  primeval  nature. 

59.  In  speaking  of  the  General  Relations  and  Conditions 
of  1^6  Qlobe — ^its  motions,  figure,  density,  atmosphere,  tem- 
perature, surface  configuration,  and  so  forth — our  object  was 
to  indicate  their  bearings  on  geological  problems,  not  to  enter 
upon  a  full  statement  of  facts  and  numerical  details.  The 
student  who  feels  inclined  to  go  more  fully  into  such  particu- 
lars, and  to  know  something  of  the  processes  by  which  philoso- 
phers have  arrived  at  the  facts  to  which  we  have  alluded,  will 
find  ample  information  in  Herschel's  ^  Elements  of  Astronomy' 
as  to  l^e  planetary  relations  of  the  earth;  in  the  Author's 
*  Advanced  Text-Book  of  Physical  Geography '  all  that  apper- 
tains to  the  distribution  of  land  and  water,  surface  configu- 
ration, and  external  temperature ;  in  BischofTs  ^  Physical 
Eesearches '  and  BufTs  '  Physics  of  the  Earth '  he  will  obtain 
much  valuable  information  relative  to  internal  temperature ; 
in  Maury's  *  Physical  (Geography  of  the  Sea '  he  will  find  all 
that  is  yet  known  with  certainty  respecting  the  constitution 
of  the  ocean ;  while  in  Guyot's  ^  Earth  and  Man '  he  will  meet 
with  an  eloquent  generalii^tion  of  the  physical  conditions  as 
they  bear  on  the  higher  problems  of  vital  economy. 


so 
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GEOLOGICAL  AGENCIES  BESULTING  FROM  THE  GENERAL  RELA- 
TIONS OF  THE  EARTH  ;  OR  THOSE  CHIEFLY  CONCERNED  IN 
THE  MODIFICATION   OF   ITS   ROCKY   CRUST. 

40.  The  aim  of  geology  being  to  fumish  a  history  of  the 
structure  and  past  conditions  of  the  globe,  it  is  evident  there 
can  be  no  accurate  conception  of  this  structure  without  a  know- 
ledge of  the  causes  which  have  chiefly  operated  in  its  produc- 
tion.    Before  we  can  decipher,  for  instance,  the  geological 
structure  of  any  locality  on  which  we  may  be  situated, — ^that 
is,  before  we  can  tell  whether  its  rocks  are  the  growth  of  some 
peaty  morass  or  the  silt  of  some  fresh-water  lake — ^the  sandy 
accumulations  of  some  ancient  sea-shore  or  the  delta  of  an 
estuary — ^the  heterogeneous  deposit  of  a  former  sea-bottom  or 
the  cooled  and  consolidated  products  of  volcanic  eruption, — 
we  must  in  some  measure  make  ourselves  acquainted  with  the 
mode  of  vegetable  growth  and  decay,  the  operations  of  wind 
and  water,  the  action  of  tides  and  waves  and  currents,  the 
difference  between  fresh  and  salt  water  accumulations,  the 
modes  of  aqueous  deposition  and  of  igneous  eruption,  and 
generally  with  the  principal  agents  productive  of  geological 
change.     In  fact,  we  must  learn  to  reason  from  the  known  to 
the  unknown ;  and  from  the  obscurer  appearances  in  the  rocky 
crust,  appeal  to  the  phenomena  that  are  now  taking  place 
beneath  and  around  us — ever  bearing  in^mind  the  differences 
that  would  arise  from  any  modification  of  the  great  cosmical 
relations  adverted  to  in  tibe  preceding  chapter. 

41.  Had  the  exterior  crust  been  subject  to  no  modifying 
causes,  the  world  would  have  presented  the  same  appearance 
now  as  at  the  time  of  its  creation.  The  distribution  of  sea 
and  land  would  have  remained  the  same ;  there  would  have 
been  the  same  surface  arrangement  of  hill  and  valley  and 
plain;  and  the  same  unvarying  aspects  of  vegetable  and 
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animal  existence.  Under  such  circumstances,  geology,  instead 
of  striving  to  present  a  consecutive  history  of  change  and 
progress,  would  have  been  limited  to  a  mere  description  of 
permanently  enduring  appearances.  The  case,  however,  is 
widely  different :  from  the  moment  the  earth  began  to  revolve 
round  the  sun,  there  has  been  one  continuous  series  of  change 
and  progression.  Alternations  of  heat  and  cold ;  winds,  frosts, 
and  rains;  springs,  streams,  and  rivers;  tides,  waves,  and 
currents ;  the  shivering  of  the  earthquake,  and  the  upheaving 
of  the  volcano ;  the  alternate  growth  and  decay  of  pLemts  and 
animals  ;  and  the  universal  operations  of  chemical  and  electri- 
cal agency, — are  all  continually  tending  to  separate,  to  combine, 
and  rearrange  the  materials  composing  the  crust  of  the  earth. 
There  may  be  periods  of  comparative  rest  and  quiescence,  but 
none  of  stagnation  or  stability.  The  operations  of  nature 
are  incessant ;  and  their  results  constitute  one  great  chain  of 
sequence,  from  the  dawn  of  creation  up  to  the  present  hour, 
which  is  in  like  manner  pressing  on  into  the  hours  and  years 
that  are  to  follow. 

42.  In  a  comparatively  fixed  and  stable  region  like  our  own, 
one  is  apt  to  underrate  these  results  and  the  causes  that  pro- 
duce them.  We  see  from  our  infancy  the  same  hills  and 
valleys,  the  same  fields  and  woods  and  streams,  and  are  apt 
to  infer  that  little  or  no  change  is  going  forward.  As  we  note 
more  attentively,  however,  we  begin  to  perceive  that  changes 
liave  taken  place — are  yearly,  daily,  and  hourly  taking  place 
around  us.  We  see  the  river  deepening  its  channel,  the  tides 
and  waves  wearing  away  the  sea-cliffs,  the  frosts  and  rains 
crumbling  down  the  rocky  surface,  the  estuary  filling  up  with 
sandbanks,  and  the  lake  in  which  we  laved  our  young  limbs 
becoming  shallower,  and  a  large  portion  of  it  transformed  into 
a  marsh,  luxuriant  with  reeds  and  rushes.  If  all  this  has 
taken  place  during  some  twenty  or  thirty  years,  what,  we 
naturally  ask,  may  have  taken  place  during  centuries  1 — and 
what  the  amount  of  change,  when  centuries  have  been  mul- 
tiplied by  centuries  ?  Nay,  more :  if  a  few  years  can  work  such 
changes  in  a  district  of  comparative  rest  and  stability,  what 
are  we  to  expect  over  the  whole  surface  of  the  globe,  an(f 
especially  in  regions  whose  lakes  are  like  our  seas,  and  com- 
pared with  whose  rivers  our  streams  are  tiny  threads  of  water 
— ^regions  of  extremes,  where  rains  fall  in  torrents — ^where 
inundations  deface,  earthquakes  submerge,  and  volcanoes  ele- 
vate and  give  birth  to  new  mountains  ]  Extendixv^'Vi'ia  n\s^^ 
in  this  manner,  the  attentive  observer  soon  ddBCOvet^  \5aa^.  ^^ 
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crust  of  the  earth,  instead  of  being  a  thing  of  permanence  and 
stability,  is  subject  to  incessant  change ;  and  as  he  carries  his 
thoughts  over  ike  lapse  of  centuries,  he  can  readily  perceive 
how  sea  and  land  may  have  frequently  changed  places — ^how 
old  mountain-ranges  may  have  been  wasted  and  worn  down, 
and  new  ones  been  accumulated — ^the  beds  of  lakes  become 
alluvial  tracts  (Lat  ad^  to,  and  Itto,  I  wash — formed  by  the 
operations  of  water),  and  the  sands  and  muds  of  former  shores 
been  converted  into  solid  strata. 

43.  The  causes  which  produce  these  changes,  being  depend- 
ent on  the  original  constitution  of  our  planet,  are  of  course 
everywhere  present  and  in  ceaseless  operation — acting  silently 
and  imperceptibly  in  one  region,  and  violently  and  on  a  gigan- 
tic scale  in  anoUier ;  scarcdy  appreciable  in  their  results  at 
one  period,  and  producing  at  another  the  most  extensive  alter- 
ations on  the  surface  configuration  of  the  eartL  It  is  indis- 
pensable, then,  that  the  student  should  have  a  thorough  com- 
prehension of  their  nature  and  mode  of  operation,  and  for  this 
purpose  they  may  be  conveniently  described  under  the  follow- 
ing arrangement : — i.  Atmospheric,  or  those  operating  through 
the  medium  of  the  atmosphere ;  2.  Aqueous,  or  those  arising 
from  the  operations  of  water ;  3.  Organic,  or  those  depending 
on  vegetable  and  animal  growth ;  4.  Chemical,  or  those  result- 
ing from  the  chemical  action  of  substances  on  each  other;  and, 
5.  fytteous,  or  such  as  manifest  themselves  in  connection  with 
some  deep-seated  source  of  heat  in  the  interior  of  the  globe. 
These  are  the  ^reat  waslers  and  reeondructors  of  the  earth's 
crust — the  disintegrators  of  old  rocks  and  the  re-formers  of 
new;  and  as  they  now  operate,  so  we  presume  they  have 
operated  in  all  time  past  in  moulding  and  modifying  the 
masonry  of  the  globe.  Some  act  mechanically,  some  chemi- 
cally, and  some  organically ;  and  thus  we  speak  of  mechani- 
cally-formed,  chenwxill^formed^  or  organicaUy-formed  rocks, 
as  the  case  may  be. 


Atmospheric  Agencies. 

44.  Of  the  agents  operating  on  the  crust  ol  the  globe,  and 

tending  to  modify  its  structure  and  conditions,  those  connected 

with  the  atmosphere,  though  not  the  most  powerful,  are  by  far 

the  most  general  in  their  diffusion.     The  atmosphere,  as  we 

^  Juve  seep,  envelops  the  earth  on  ev^ry  side ;  acts  mechani- 

^Pi^  bj-its  currents  of  wind,c^eimica£L^\>^\!!^<^  ^^aea  of  which 
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it  is  composed,  and  vitally  in  its  being  indispensable  to  vege- 
table and  animal  life.  Thus  winds  blow  and  drift  about  all 
loose  material,  carrying  them  away  from  one  spot  and  piling 
them  up  in  another.  Such  accumulations  are  termed  sub- 
aerialf  and  by  some  Eclian  (from  Bolus^  the  god  of  wind),  in 
contradistinction  to  those  formed  under  water,  and  which  are 
consequently  regarded  as  aqueotis  and  sub-aqitecms.  The  sandy 
tracts  so  frequent  along  our  own  shores,  as  well  as  along  the 
shores  of  almost  every  country,  and  known  as  sand-drift  and 
tand-dunes  (dune  being  the  Saxon  word  for  a  mound  or  hillock), 
are  the  resiilts  of  wind-drift — ^the  wind  carrying  the  dry  sand 
left  by  the  tides  forward  and  landward  beyond  the  reach  of 
the  waters.  All  expanses  of  shifting  sand,  whether  maritime, 
or  inland  like  the  deserts  of  Africa  and  Aua,  are  yearly  modi- 
fied by  the  same  agency ;  and  where  the  aerial  current  blows 
steadily  for  some  time  in  one  direction,  as  the  trade-winds  and 
monsoons  of  the  tropics,  it  wiU  carry  forward  the  drifting 
material  in  that  direction.  Hence  the  gradual  entombment 
of  fields,  forests,  and  villages  that  lie  in  the  course  of  such 
progressive  sand-waves,  as  on  the  Biscay  seaboard  of  France, 
and  on  the  western  verge  of  Egypt.  Results  like  these  arise 
from  the  ordinary  operations  of  wind ;  its  extraordinary  ope- 
rations are  manifested  in  the  destructive  effects  of  the  hurri- 
cane, the  whirlwind,  and  tornado.  Gentle  as  it  may  seem, 
the  continuous  drifting  of  sand  over  the  surface  of  hard  rocks 
has  been  known  to  wear  and  polish  down  their  asperities,  and 
even  to  grind  out  grooves  and  furrows  like  those  produced  by 
the  motion  of  glacier  ice  or  the  flow  of  running  water.  In 
the  preceding  instances  winds  may  be  regarded  as  directly 
productive  of  geological  change;  while  in  the  raising  of 
waves  and  breakers  they  act  indirectly  in  modifying  the  crust 
of  the  eartL 

[At  the  pass  of  San  Bernardino,  in  California,  Mr  W.  P.  Blake  (as  quoted 
by  Professor  Dana)  observed  the  granite  rocks  not  only  worn  smooth,  but 
covered  with  scratches  and  furrows  by  the  sands  that  were  drifted  over 
them.  Even  quartz  was  polished,  and  garnets  were  left  projecting  from 
pedicles  of  felspar.  Limestone  was  so  much  worn  as  to  look  as  if  the  sur- 
face had  been  removed  by  solution.  The  same  may  be  seen  along  our  own 
shores  wherever  a  rocky  surface  is  exposed  to  the  friction  of  the  drifting 
sands.] 

45.  Frost,  which  may  be  regarded  as  another  mechanical 
phase  of  atmospheric  agency,  is  also,  under  cet\;d^  \aXA^x\!^^ 
an  important  modifying  cause.     The  rain  and  Ta.o\a\xa^  'Oq»I^ 
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enter  the  fissures  of  cliffs,  and  between  the  particles  of  all 
rocky  matter,  are  often  frozen  during  winter,  and  in  this  state 
of  ice  expand  and  force  apart  these  rocks  and  particles.  When 
thaw  comes,  the  particles,  having  lost  their  cohesion,  fall 
asunder;  and  thus,  imder  all  latitudes,  and  at  all  altitudes 
where  frost  occurs,  vast  waste  is  every  winter  effected.  The 
student  may  note  the  effects  of  frost  on  every  ploughed  field, 
and  on  every  cliff  and  railway-cutting  around  him ;  how  it 
breaks  up  and  pulverises  the  soil,  eats  away  the  cliff,  and 
leaves  every  winter  at  its  base  a  sloping  mass — ^in  geological 
language,  a  talus — of  crumbling  debris.  The  effect  of  drought 
or  desiccation  acts  in  a  similar  way  in  crumbling  down  exposed 
sections  of  soil,  clay,  and  other  soft  materials.  As  their 
moisture  is  evaporated  they  necessarily  shrink;  or  contract, 
showing  a  thousand  reticulating  fissures,  which  destroy  their 
cohesion,  and  allow  them  to  crumble  away.  As  frost  disin- 
tegrates during  winter,  so  drought  acts  in  a  similar  way  during 
summer,  though  in  a  less  marked  degree. 

["  The  influence  of  the  cold,"  says  Von  Wrangell,  speaking  of  the  Decem- 
ber temperature  of  Siberia,  which  was  58°  below  freezing,  "extends  even  to 
inanimate  nature.  The  thickest  trunks  of  trees  are  rent  asunder  with  a 
loud  sound,  which  in  those  deserts  fell  on  the  ear  like  a  signal-shot  at  sea ; 
large  masses  of  rock  are  torn  from  their  ancient  sites  ;  the  ground  in  the 
tundras  (mossy  or  boggy  flats),  and  in  the  rocky  valleys,  cracks,  and  forms 
wide  yawning  fissures,  from  wliich  the  waters  which  were  beneath  the  sur- 
face rise,  giving  off  a  cloud  of  vapour,  and  become  immediately  changed 
into  ice."  Again,  "  In  the  middle  of  winter  the  water  sometimes  suddenly 
disappears  from  the  numerous  shallow  lakes  of  Northern  Siberia,  and  this 
without  any  side-channels  being  visible.  In  such  cases  a  loud  noise  is 
heard  at  the  time  the  water  disappears,  and  when  the  bottom  of  the  lake 
is  laid  bare,  lai^  clefts  are  visible,  occasioned  by  the  severity  of  the  frost." 
Similar  phenomena  are  noticed  by  Sir  John  Ross  in  his  '  Antarctic  Voyages ;  * 
and  Dr  Hooker  in  his  'Himalayan  Journals,'  while  at  an  elevation  of 
16,000  feet,  says — "The  descent  was  to  a  broad  open  valley,  into  which  the 
flank  of  Nango  dipped  in  tremendous  precipices,  which  reared  their  heads 
in  splintered  snowy  peaks.  At  their  bases  were  shoots  of  debris  fully  700 
feet  high,  sloping  at  a  steep  angle.  Enormous  masses  of  rock,  detached  by 
the  action  of  the  frost  and  ice  from  the  crags,  were  scattered  over  the  bot- 
tom of  the  valley ;  they  had  been  precipitated  from  above,  and  gaining 
impetus  in  their  descent,  had  been  hurled  to  almost  inconceivable  distances 
from  the  parent  cliff."  Again,  **I  descended  obliquely  (from  the  Donkiah 
Pass)  down  a  very  steep  slope  of  35°  over  upwards  of  1000  feet  of  debris,  the 
blocks  of  which  were  so  loosely  piled  on  one  another  that  it  was  necessary 
to  proceed  with  the  greatest  circumspection ;  for  I  was  alone,  and  a  false 
step  would  almost  certainly  have  been  followed  by  breaking  a  leg.  The 
AHemate  freezing  and  thawing  of  rain  amongst  these  masses  must  produce 
a  constant  downward  motion  in  the  whole  pile  ot  deibxia  (^viblch.wa8  upwards 
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of  3000  feet  high),  uid  may  account  for  the  otherwise  uneiplaiaed  phe- 
nameiia  of  continuous  shoots  of  angular  loclcs  Tcpoaing  on  very  gentle  slopes 
m  other  places."] 

46,  It  ia  also  hj  Uie  action  of  frosts  that  avalanches,  glaci- 
era,  and  icebet^  are  formed  on  mountaiuB  above  the  snow- 
line and  in  arctic  r^ons :  the  avalanche  of  snow  and  ice,  which, 
losing  Ha  coherence,  is  launched  from  the  mounbun-aide, 
carrying  masses  of  rock  and  soil  and  trees  before  it — the 
glacier  or  ice-river,  that  gathers  in  the  mountaln-glens  above, 
and  slowly  grinda  its  way  to  the  valley  below,  wearing,  and 
smoothing,  and  etriating  the  rocks  in  its  passage,  and  leaving 
as  it  melts  away  its  lateral  and  terminal  ridges  of  gravel  and 


debris,  technically  termed  "moraines" — and  the  *M&«y,  de- 
tached by  fracture  from  the  projecting  glacier  of  some  arctic 
shore,  itmt  floats  its  burden  of  botdderB  and  rock  debris 
to  wanner  latitudes,  there  to  drop  them  as  it  melts  away  on 
the  bottom  of  the  ocean.  Burdens  which  running  or  liquid 
water  could  never  carry  beyond  the  limits  of  the  sea-«hore  are 
thus  borne  by  ice,  or  solid  water,  hundreds  of  leagues  seaward 
and  dropped  in  the  depths  of  the  ocean.  In  the  study  of  frost- 
operations,  whether  among  the  clif&  and  gorges  of  Alpine 
mountains  or  along  the  shores  of  the  Arctic  Ocean,  the  obser- 
ver discovers  at  once  an  important  cause  of  present  change, 
and  a  key  to  the  solution  of  some  of  the  most  interesting  of 
geolc^cal  problems. 

[Hod;  of  the  bergi  which  drift  out  to  sea,  having  heen  the  eitremitiea  of 
gladera  while  in  attachment  to  the  coast,  wa  loadei  mfti  Vu^a  ai\gulji>.T 
fragments  of  rack  aad  other  deltris ;  and  manj  ot  tlie  Jloes,  ^iBNvwt  '^^i'- 
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ground  or  shore  ice,  lift  with  them  immense  masses  of  waier-Vfom  shingle 
and  graveL  Thns,  as  both  melt  away,  the  bottom  of  the  ocean  must  be 
strewed  with  very  heterogeneous  and  curiously-assorted  material  Nay, 
icebergs  have  been  encountered  in  the  North  Sea  covered  or  interstratified 
with  ancient  soil,  among  which  were  the  bones  of  mammoths  and  other 
extinct  animals,  still  farther  confusing  the  nature  of  their  deposits  by 
mingling  the  remains  of  an  existing  fauna  (reindeer,  musk-ox,  arctic  bear, 
&c.)  with  one  of  a  much  higher  antiquity.] 

47.  The  chemical  action  of  the  atmosphere  (composed  of 
oxygen,  nitrogen,  and  carbonic  acid)  is  observable  less  or  more 
on  sdl  exposed  surfaces.  Its  gases,  partly  by  their  own  nature, 
and  partly  by  the  moisture  diffused  through  them,  exert  a 
wasting  or  weathering  influence  on  all  rocks — softening,  loos- 
ening, and  crumbling  them  down,  to  be  more  readily  borne 
away  by  currents  of  wind  and  water.  Carbonic  acid  acts  spe- 
cially on  all  rocks  containing  lime;  oxygen  rusts  or  oxidises 
those  impregnated  with  iron ;  moisture  insinuates  itself  every- 
where ;  and  thus  in  a  few  years  the  hardest  rock  exhibits  a 
weathered  or  wasted  surface.  Particle  after  particle  is  loos- 
ened ;  film  after  film  falls  away ;  a  new  surface  is  exposed  to 
new  waste ;  and  in  course  of  ages  the  boldest  mountain-mass 
yields  to  this  silent  and  almost  imperceptible  agency.  In 
such  instances  as  the  above,  the  atmosphere  acts  directly  as  a 
chemical  agent;  where  it  impregnates  rain  and  other  water 
with  its  gases,  and  these  operate  within  the  crust  as  springs, 
it  acts  imiirectly,  though  not  less  efficiently. 

48.  As  the  diffuser  of  light,  heat,  and  moisture — and  these 
could  not  be  diffused  around  our  globe  without  the  intervenr 
tion  of  an  aerial  medium — the  atmosphere  exercises  important 
influences  on  vegetables  and  animals,  making  the  surface  teem 
with  life  in  one  region,  and  rendering  it  a  barren  waste  in  an- 
other. In  this  function  it  acts  indirectly  as  a  geological  agent, 
the  accumulations  of  vegetable  and  animal  exuviae  (Lat.  cast- 
off  products  or  remains)  being  the  results  which  modify  or 
appear  in  the  composition  of  the  rocky  crust  Those  products 
vary,  of  course,  both  in  kind  and  exuberance,  according  to  the 
amount  of  light,  heat,  and  moisture  received  at  any  portion  of 
the  earth's  surface,  and  these  again  are  regulated  by  the  con- 
ditions of  the  atmosphere.  A  dense  moist  atmosphere  con- 
ducts and  diffuses  heat  more  perfectly  than  a  dry  and  highly 
rarefied  one ;  an  increase  of  temperature  is  accompanied  by 
a  more  rapid  evaporation,  and  a  consequent  increase  in  the 
diffusion  of  moisture;  and  these  are  the  conditions  most 

favourable,  other  things  being  equal,  to  tih^  exuberance  of 
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vegetable  and  animal  life.  Again,  such  an  increase  of  heat 
and  moisture  would  be  followed  by  heavier  rainfalls,  these 
by  more  frequent  and  larger  rivers  ;  and  thus  geological  re- 
sults of  a  purely  mechanical  kind  would  be  greatly  augmented. 
In  fact,  the  reception  of  light  and  heat  from  the  sun,  their 
diffusion  through  the  atmosphere,  their  action  on  the  waters 
of  the  globe,  and  the  combined  influence  of  the  whole  on 
vegetable  and  animal  existence,  form  one  of  the  great  primary 
departments  of  natural  science,  and  the  student  cannot  too 
soon,  familiarise  himself  with  reasonings  on  their  mutual  bear- 
ings and  results. 

Aqueous  Agencies. 

49.  The  modifying  causes  arising  from  the  operations  of 
water  are,  like  those  concerned  with  the  atmosphere,  univer- 
sal and  unceasing.  This  aqueous  agency  manifests  itself  most 
prominently  in  the  mechanical  effects  of  rains,  springs,  streams, 
rivers,  waves,  tides,  and  oceanic  currents.  Every  shower  that 
falls  exerts  a  degrading  or  wasting  influence  on  rocks,  soils, 
and  all  exposed  surfaces ;  that  is,  on  all  surfaces  not  protected 
by  the  grassy  turf,  by  forest-growths,  or  by  other  vegetable 
covering.  By  entering  the  pores  of  rocks  and  soils,  rain  softens 
and  loosens  their  cohesion,  and  thus  renders  them  more  easily 
acted  on  by  currents  of  wind  and  water.  Land-floods  or 
freshets  also  arise  from  rains,  the  melting  of  snow,  and  from 
hail-stonns ;  and  the  periodical  rains  of  the  tropics  produce 
inundations  and  similar  phenomena.  The  fall  of  rain  varies 
in  different  countries  botii  in  amount  and  the  season  of  fall, 
and,  of  course,  will  be  attended  with  proportional  results.  In 
the  British  Islands  it  ranges  from  24  to  60  inches,  or  has 
an  average  of  about  36  inches;  while  in  tropical  countries 
the  mean  annual  fall  is  upwards  of  200  inches — 229  inches 
having  been  noted  in  Dutch  Guiana,  276  in  Bnusil,  302  at  an 
elevation  of  4200  feet  in  the  Western  Ghauts,  south  of  Bom- 
bay ;  and  in  the  Khasia  mountains,  at  the  head  of  the  river- 
flats  or  Jheels  of  Bengal,  upwards  of  600  inches,  or  50  feet, 
have  been  registered  by  various  observers.  At  the  same  place, 
Dr  Hooker  has  recorded  30  inches  in  twenty-four  hours ;  21 
inches  have  been  noted  at  Cayenne  during  the  same  period  ; 
and  23  inches  are  not  imcommon  near  Port  Jackson  in  New 
South  Wales.  Accustomed  to  the  gentle  rains  of  our  own 
island,  we  can  scarcely  form  an  estimate  of  the  changes  pro- 
duced by  such  sudden  and  enormous  falls  on  \!kk&  ^^x^^^j(!;^^'^ 
and  liver-coiuves  of  tropical  countries. 
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SO.  Streams  and  riven — in  fact,  all  water-curreuta — act 
chiefly  in  a  mechanical  way,  and  their  influence  depends  partly 
on  the  nature  of  the  rocka  over  which  they  run,  the  rapidity 
of  their  flow,  the  size  or  volume  of  water,  and  the  amount  of 
rock-debria  or  grinding  material  which  they  carry  along  with 
them.  If  the  rocks  over  which  they  paaa  be  of  a  aoft  or  friable 
nature,  they  soon  cut  out  channels,  often  of  enormous  depth 


like  the  ccAona  of  Korth  America,  and  tranaport  the  eroded 
material  in  a  state  of  mud,  sand,  and  gravel  to  the  lower  level 
of  some  lake,  to  their  estuaries,  or  to  the  bed  of  the  ocean- 
Their  cutting  aa  well  as  transporting  power  is  greatly  aided 
by  the  rapidity  of  their  currents ;  hence  the  efl'ect  of  mountain- 
torrents  compared  with  the  quiet  and  aluggiah  flow  of  the 
lowland  river.  It  has  been  calculated,  for  example,  that  a 
fvJoa'tj'  of  J  inches  per  second  will  tear  up  fine  clay,  that  6 
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inches  will  lift  fine  sand,  8  inches  sand  as  coarse  as  linseed, 
and  12  inches  fine  gravel;  while  it  requires  a  velocity  of  24 
inches  per  second  to  roll  along  rounded  pebbles  an  inch  in 
diameter,  and  36  inches  per  second  to  sweep  angular  stones 
of  the  size  of  a  hen's  egg.  During  periodical  rains  and  land- 
floods  the  currents  of  rivers  often  greatly  exceed  this  velocity; 
hence  the  tearing  up  of  old  deposits  of  gravel,  the  sweeping 
away  of  bridges,  and  the  transport  of  blocks  many  tons  in 
weight  —  an  operation  greatly  facilitated  by  the  fact  that 
stones  of  ordinary  specific  gravity  (from  2.5  to  2.8)  lose  more 
than  a  third  of  their  weight  when  immersed  in  water.  Nor  is 
it  the  mere  velocity  of  rivers  which  produces  their  eroding  or 
cutting  power,  but  the  amount  and  nature  of  the  debris  carried 
down  by  their  torrents — every  pebble  and  block  of  shingle 
rubbing  and  striking  and  grinding  still  deeper  and  deeper  the 
channels  down  which  they  are  borne.  The  geological  effects 
of  rivers  on  the  crust  is  thus  of  a  twofold  nature — viz.,  to 
waste  and  wear  down  the  higher  lands,  and  then  to  bear  along 
the  waste  material  and  deposit  it  in  valleys,  in  lakes,  or  in 
the  ocean,  in  the  state  of  mud,  clay,  sand,  or  gravel.  By  such 
deposits  lakes  are  silted  or  filled  up,  and  become  alluvial 
valleys ;  estuaries  converted  into  level  plains ;  and  even  large 
tracts  reclaimed  from  the  sea. 

51.  Springs,  which  are  discharges  of  water  from  the  earth, 
act  both  mechanically  and  chemically  on  the  crust,  internally 
as  well  as  externally.  Hot  or  thermal  springs,  and  those 
whose  waters  are  impregnated  with  carbonic  acid,  for  example, 
act  chemically  and  internally  by  dissolving  the  rocks  through 
which  they  percolate  in  the  crust  of  the  earth ;  and  when  they 
reach  the  smrface,  they  act  externally  by  depositing  the  matter 
which  their  waters  held  in  solution.  Such  springs  are  common 
all  over  the  globe,  are  known  as  mineral  springs,  and  generally 
indicate  the  kind  of  rock  or  mineral  through  which  they  have 
percolated.  Thus  some  are  saline,  or  contain  salt ;  some  chaly- 
beate, or  contain  iron  {chodyhsy  iron) ;  some  silicious,  or  contain 
flint  (silex);  some  calcareous,  or  contain  lime  (calx);  while 
others  give  off  sulphurous  vapours,  or  are  impregnated  with 
various  mineral  admixtures.  Such  springs  act  chemically 
in  dissolving  and  re-depositing  mineral  matter;  and  they 
act  mechanicaUy  in  wearing  and  transporting  like  aU  run- 
ning water.  We  know  little  of  the  chemical  changes  taking 
place  among  the  rocks  of  the  earth's  crust;  but,  estimat- 
ing from  the  frequency  of  mineral  springa  t\ift  ^tclovsccA.  ^1 
matter  ihejrbold  in  aolntion^  and  their  ceaae\ea&  ^cX^ot^  '^^^ 
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results  cannot  be  inconsiderable.  Interually,  most  of  Hie  sab- 
terranean  caverns  and  chasms  in  limestone  districts  are  caused 
hj  this  ehenucal  action  of  spring  water ;  and  eztiemally  snch 
formations  as  the  travertine  limestone  of  Italy,  and  the 
Bihcious  sinter  of  tlie  Iceland  geysers,  are  produced  by  the 
same  agency  Even  vapour  of  a  high  temperature  is  capable 
of  dissolving  sihca ,  and  Ht  Darwin  alludes  to  an  instance  in 
Terceua  (one  of  the  Azores),  where  steam,  issuing  from  fissnrea 
m  the  trachytic  rock,  gradually  softens  and  decomposes  the 
crystalline  mass  tdl  the  whole  is  reduced  to  a  white  chalky 
clay,  with  which  the  inhabitants  whitewash  their  houses. 

52  As  with  springs  and  rivers,  so  with  waves,  tides,  and 
ocean  currents  they  all  waste  and  wear  away  the  sea-cli& 
m  exposed  districts,  and  deposit  the  degraded  material  in  the 
state  of  mud,  sand,  gravel,  and  shingle  in  some  sheltered 
locality  Waves,  which  are  the  immediate  offspring  of  the 
winds,  are  produced  more  or  less  on  all  expanses  of  water — 
their  dimensions  varying  with  the  depth  and  extent  of  water, 
and  with  the  force  of  the  wind  which  sets  them  in  motion. 
The  degrading  power  which  they  exert  on  any  particular  coast 


vanes,  of  course,  with  their  own  magnitude  as  well  as  with 
the  nature  and  position  of  the  rocks  exposed  to  their  action. 
A  coast-line  consisting  of  soft  clays  and  marls  will  suffer  more 
waste  than  one  composed  of  sandstones  and  shales,  and  these 
t^ain  will  yield  more  readily  than  cliffs  of  basalt  and  granite. 
Further,  strata  that  dip  seaward,  and  present,  breakwater-like, 
their  natural  slopes  to  the  action  of  the  waves,  will  suffer  less 
than  those  whose  outcropping  edges  are  presented  to  the 
atorm;  and  those  traversed  by  lenta  aivd  fiasuiea  will  fall 
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away  mass  by  mass  as  they  are  imdermined,  while  those  not 
80  traversed  will  long  resist  in  solid  continuity.  Whatever 
the  modifying  circumstances,  or  whatever  the  rate  of  waste, 
we  see  enough  of  wave-action  along  our  own  coasts  in  caves, 
arches,  outstanding  ''stacks"  and  ''needles,"  to  convince  us 
of  the  geological  importance  of  this  set  of  agencies,  operating 
as  they  incessantly  do  along  the  entire  shore-line  of  the  all- 
encircUng  ocean.  Tidal  and  other  oceanic  currents,  though  not 
so  universal  in  their  operations  as  waves,  are  also  important 
geological  agents.  Sweeping  with  greater  or  less  velocity 
along  exposed  shores  and  over  shallow  shoals,  they  exert,  like 
all  other  currents,  a  wasting  influence;  but  it  is  chiefly  in 
their  powers  of  transport  that  they  manifest  their  action — all 
the  debris  borne  into  the  ocean  by  rivers,  produced  by  the 
erosion  of  waves,  showered  upon  it  by  volcanoes,  or  arising 
within  it  from  the  growth  and  decay  of  plants  and  animals, 
being  carried  hither  and  thither,  and  assorted  by  their  ebb  and 
flow.  To  what  extent  deep-sea  or  bottom  currents  may  be 
cutting  out  submarine  valleys,  science  cannot  determine ;  but 
judging  from  the  scour  of  tides  and  the  velocities  of  super- 
ficial currents,  they  cannot  be  inoperative  in  modifying  the 
sea-bed  both  by  erosion  and  transport. 

[From  experiments  made  at  lighthouses  and  breakwaters  during  severe 
storms,  the  effective  pressure  of  waves  has  been  estimated  as  high  as  6000 
lb.  per  square  foot ;  and  one  has  only  to  observe  the  breaches  occasionally 
made  in  sea-walls,  and  the  distance  to  which  blocks  of  stone,  several  tons 
in  weight,  have  been  hurled  forward,  to  be  convinced  of  their  great  propul- 
sive i)ower.  Of  course,  the  force  with  which  a  wave  simply  strikes  is  not  to 
be  altogether  estimated  by  its  propulsive  power ;  for  rocks  submerged  in 
water  lose  more  than  a  third  of  their  weight,  which  greatly  facilitates  their 
displacement  and  transport  Mr  Stevenson,  in  his  experiments  at  Skerry- 
vore  Lighthouse  (Western  Hebrides),  found  the  average  force  of  the  waves 
for  the  five  summer  months  to  be  611  lb.  per  square  foot,  and  for  the  six 
winter  months  2086  lb.  He  mentions  that  the  Bell-Bock  Lighthouse,  112 
feet  high,  is  sometimes  buried  in  spray  from  ground-swells  when  there  is 
no  wind ;  and  that,  on  20th  November  1827,  the  spray  was  thrown  to  a 
height  of  117  feet--equivalent  to  a  pressure  of  6000  lb.,  or  nearly  3  tons 
per  square  foot.  In  February  1870,  the  breakwater  at  Wick  was  broken 
down  by  waves  estimated  at  42  feet  high.  They  rose  from  20  to  25  feet 
above  the  parapet,  which  is  21  feet  above  high-water  level,  and  the  spray 
was  said  to  rise  to  the  height  of  150  feet !] 

53.  By  the  operations  of  water,  as  described  in  the  preced- 
ing paragraphs,  vast  changes  have  been  effected,  and  are  still 
iQ  process  of  being  effected,  on  the  suriacQ  ol  ^i>tv!^  ^<c^^^. 
There  is  scarcely  a  country  in  the  world  wTcacSi  doea  Xi.o\.  Y*^^ 
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sent  numerous  glens  and  ravines  and  river-channels,  all  cut 
through  the  solid  strata  by  the  action  of  water ;  hence  known 
as  valleys  of  erosion  (Lat.  erosus^  gnawed  or  wasted  away). 
Not  only  do  rivers  deepen  and  widen  their  channels,  but  they 
shift  them ;  and  thus  in  course  of  ages  valleys  of  erosion,  of 
great  length,  depth,  and  width,  are  produced,  with  flat  alluvial 
bottoms  and  several  terraces,  each  terrace  marking  a  former 
river-level.  The  rocky  matter  thus  ground  down  is  borne 
away  by  every  flood,  in  the  state  of  mud,  sand,  gravel,  and 
shingle ;  and  when  the  water  comes  to  res^  these  fall  to  the 
bottom  as  sediment  (Lat.  sedere,  to  settle  or  sink  down). 
Every  person  must  have  observed  the  rivers  in  his  own  dis- 
trict, how  they  become  muddy  and  turbid  during  floods  of 
rain,  and  how  their  swollen  currents  eat  away  the  banks, 
deepen  the  channels,  and  sweep  away  the  sand  and  gravel 
down  to  some  lower  level.  And  if,  during  this  turbid  state, 
he  will  have  the  curiosity  to  lift  a  gallon  of  fiie  water,  and  allow 
it  to  settle,  he  will  be  astonished  at  the  amount  of  sediment  or 
solid  matter  that  falls  to  the  bottom.  Now,  let  him  multiply 
this  gallon  by  the  number  of  gallons  daily  carried  down  by 
the  river,  and  this  day  by  years  and  centuries,  and  he  will 
arrive  at  some  faint  idea  of  the  quantity  of  matter  worn  from 
the  land  by  rivers,  and  deposited  by  them  in  the  ocean.  In 
the  same  way  as  one  river  grinds  and  cuts  for  itself  a  channel, 
so  does  every  stream  and  nil  and  current  of  water.  The  rain 
as  it  falls  washes  away  what  the  winds  and  frosts  have  loosened : 
the  riU  takes  it  up,  aLd,  mingliDg  it  with  its  own  burden,  give^ 
it  to  the  stream ;  the  stream  takes  it  up  and  carries  it  to  the 
river ;  and  the  river  bears  it  to  the  ocean.  Thus  the  whole 
surface  of  the  globe  is  worn  and  grooved  and  channeled — the 
higher  places  being  continually  worn  down,  and  the  wasted 
material  carried  to  a  lower  leveL  As  on  land,  so  along  the 
sea-margin  there  is  a  perpetual  conflict,  as  it  were,  between 
the  powers  of  waste  and  accumulation — ^the  opposing  cliffis» 
being  gradually  worn  down,  and  the  resulting  debris  strewn 
along  the  shore  or  sea-bottom  at  a  lower  level. 

54.  By  processes  such  as  these,  lakes  are  silted  up  and  be- 
come marshes  or  plains,  and  estuaries  and  shallow  seas  are  con- 
verted into  tracts  of  alluvial  land.  The  delta  of  the  Nile  (so 
called  from  the  a,  or  delta-like  shape  of  the  space  enclosed  by 
the  two  main  mouths  of  that  river),  the  sunderbunds  or  mud- 
islands  of  the  Ganges  and  Irawaddy,  the  jungle-growths  of 
the  Niger,  the  swamps  of  the  Mississippi  and  Amazon,  are 
examples  of  such  deposits  on  a  large  scale ,  but  every  stream 
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and  cnrrent  of  water,  however  inBiguificaDt,  is  less  or  more 
perfonumg  &  similar  operation.  Such  deposits,  when  ex- 
amined, are  found  to  consist  of  layers  of  mnd,  vegetable 
drift,  clay,  sand,  and 
gravel,  containing,  in 
greater  or  less  abundance, 
the  remains  of  plants  and 
animals  peculiar  to  the 
conntry  through  «rliich 
the  transporting  rivers 
flow,  and  always  in  a 
notable  degree  the  exu- 
visB  of  the  corals,  shells, 
Crustacea,  fishes,  and 
other  creatures  which  in- 
habit the  aeas  of  deposit. 
In  this  manner  layers 
or  strata  of  sedimentary  matter  are  forming  at  the  present  day, 
and  in  like  manner  must  they  have  been  formed  during  M. 
past  ages  of  the  world.  The  present  thus  explains  to  us  the 
past ;  a  knowledge  of  the  past  and  present  enables  us  to  fore- 
tell, in  some  measure,  the  conditions  of  the  future. 

55.  On  the  whole,  then,  it  may  be  set  down  as  a  geological 
axiom,  that  the  tendency  of  all  aqueous  agency,  whether  ope- 
rating as  springs  and  rivers,  or  as  tides,  waves,  and  ocean-cur- 
rents, is  to  wear  down  the  higher  portions  of  the  earth's  crust, 
and  transport  the  material  as  sediment  to  some  lower  level. 
■nds  sedimentary  matter  being  merely  floated  in  the  current 
(or  mechanuMllff  suspended,  as  it  is  termed,  in  contradistinc- 
tion to  a  chemical  solution),  the  moment  the  water  assumes  a 
stats  of  quiescence  it  begins  to  fall  to  the  bottom.  The  heavier 
bodies,  as  shingle  and  gravel,  fall  first,  next  the  finer  particles 
of  sand,  and  ultimstely  the  light  flocculent  mud  or  clay.  In 
this  way  we  can  account  for  the  gravelly  beach  of  one  district, 
the  sandy  shore  of  another,  and  the  muddy  bottom  of  a  third. 
The  clayey  mud  of  the  great  Chinese  rivets  (borne  down,  it 
has  been  estimated,  at  the  rate  of  3,000,000  cubic  feet  every 
hour)  tinges  the  waters  of  the  Yellow  Sea  for  upvfards  of  fifty 
miles,  thereby  giving  it  a  name,  and  rapidly  converting  it  into 
a  shallow  basin ;  the  turbid  waters  of  the  Oangea,  carrying 
down,  it  is  said,  700,000  cubic  feet  per  hour,  discolour  for 
many  leagues  the  Bay  of  Bengal ;  and  the  mud  of  the  Ama.7An. 
is  observable  many  hundred  miles  out  in  the  Atian.t\c.  'Yka&, 
ysar  after  year,  a  portion  0/  the  Hamalayau  'MoMiQ.t^ma  Ha  4«i- 
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posited  in  the  Bay  of  Bengal,  and  the  waste  of  the  Andes 
strewed  along  the  bottom  of  the  Atlantic,  there  to  be  re-formed 
into  new  strata,  and  constitute,  it  may  be,  the  material  of  fu- 
ture continents. 


Organic  Agencies. 

56.  The  organic  causes  tending  to  modify  the  crust  of  the 
globe  are  those  depending  on  vegetable  and  animal  growth. 
The  term  organic  (from  the  Greek  orgarum,  a  member  or  in- 
strument) is  applied  to  plants  and  animals,  as  being  supplied 
with  certedn  organs  or  members  for  the  purposes  of  nutrition 
and  growth.  Their  structure  is  said  to  be  organic^  and  they 
are  termed  organised  bodies,  in  contradistinction  to  minerals, 
which  are  inorganic,  and  whose  increase  takes  place  by  exter- 
nal additions  {accretion),  and  not  through  the  instrumentality 
of  any  peculiar  organs  {assimilation).  As  geological  agents, 
vegetables  and  animals  act  either  directly  or  indirectly :  di- 
rectly in  the  formation  of  new  matter,  as  peat-moss  and  coral- 
reefs;  and  indirectly  in  protecting  the  surface  from  atmos^ 
pheric  or  aqueous  waste,  as  in  the  herbage  that  covers  the  soU. 
The  operations  of  organic  agency  are  ceaseless,  and  all  but 
imiveraal — ^there  being  no  spot  on  the  earth's  surface,  except, 
perhaps,  the  snow-clad  mountain-peak  and  the  ice-bound 
islands  of  the  polar  regions,  entirely  devoid  of  life ;  and  even 
there  peculiar  forms  seem  to  manifest  a  periodical  develop- 
ment. The  temperate  and  tropical  zones,  however,  are  the 
great  theatres  of  life — ^generic  as  well  as  numerical  variety  re- 
sulting from  favourable  conditions  of  light,  heat,  and  moisture. 

57.  The  growth  and  decay  of  vegetables  are  yearly  adding 
to  the  soil,  at  the  same  time  that  they  protect  the  surface  from 
the  wasting  action  of  rain,  frost,  and  the  like.  One  of  the  great 
aids  to  rapid  disintegration  in  arctic  coimtries  and  in  high 
moimtain  districts  is  the  absence  of  a  superficial  covering  of 
vegetation — a  covering  which,  on  the  other  hand,  protects  the 
tropical  soil  from  the  wasting  effects  of  the  heavy  rains  which 
periodically  fall  in  these  latitudes.  Accumulations  of  plant- 
growth  form  peat-mosses,  swamp-growths,  jungle-growths,  and 
the  like ;  and  the  spoils  of  forests  and  the  vegetable  drift  of 
rivers  form  raft-like  masses,  all  of  which  are  yearly  adding  to 
the  solid  matter  of  the  globe.  Vegetation  is  wholly  a  recon- 
structor,  building  up  from  the  air,  earth,  and  waters  the  solid 

constituenta  of  its  structure,  which  is  almoat  entirely  of  car- 
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bon.  Coal,  as  will  afterwards  be  seen,  is  but  a  mass  of  miner- 
alised vegetation;  and, under  favourable  conditions,  submerged 
.  peat-mosses,  forest-growths,  and  vegetable  drifts,  would  consti- 
tute similarly  mineralised  deposits.  As  familiar  instances  of 
vegetable  agency  we  may  point  to  the  peculiar  plants  (the  sand- 
re«l,  lyme-grass,  sea-pine,  &c.)  that  spring  up  on  the  newly- 
formed  sand-dunes  by  the  sea-shore,  and  protect  the  surface 
from  being  blown  and  scattered  about  by  the  winds ;  to  the 
peat-bogs  of  Ireland,  Scotland,  Holland,  Canada,  and  other 
coldly-temperate  countries,  formed  by  the  growth  of  reeds, 
rashes,  equisetums,  carez,  sphagnum,  and  the  like ;  to  the  pine- 
rafts  yearly  floated  down  by  the  Mississippi ;  to  the  cypress- 
swamps  of  the  sub-tropical  states  of  North  America  (the  "Great 
Dismal,"  for  example) ;  to  the  jungle-growth  of  tropical  India ; 
to. the  mangrove  thickets  that  bind  and  conserve  the  mud- 
islands  of  such  deltas  as  those  of  the  Ganges,  Irawaddy,  and 
Niger ;  and  to  that  matting  of  marsh-grasses  (the  sudd)  which 
envelops  the  upper  reaches  of  the  Nile  and  the  adjacent  lakes 
of  tropical  Africa.  As  vegetable  growth  is  specially  influenced 
by  heat,  light,  moisture,  and  conditions  of  climate,  so  in  certain 
regions  will  its  geological  influence  be  more  felt  than  in  others. 
Every  region,  however,  has  its  own  peculiar  flora ;  and  such 
peculiarities  must  have  characterised  less  or  more  the  vegeta- 
tion of  all  former  epochs,  according  as  the  plants  flourished  un- 
der the  tropics  or  in  the  temperate  zone,  in  the  marshy  swamp 
or  on  the  arid  plain,  under  the  open  air  on  land,  or  under  the 
waters  at  varying  depths  along  the  bottom  of  the  ocean. 

[Referring  to  the  gudd  of  the  Upper  Nile^  Sir  Samuel  Baker,  who  had  to 
cat  his  way  through  it  for  many  miles,  remarks :  **  There  can  be  no  doubt 
that  the  whole  of  the  country  was  at  a  former  period  a  lake,  which  has 
gradually  filled  up  with  vegetation.  The  dry  land,  which  is  only  exposed 
doling  the  hot  season,  is  the  result  of  the  decay  of  vegetable  matter.  We 
are  even  now  witnessing  the  operation  that  has  formed  and  is  still  in- 
creasing this  vast  tract  of  alluvial  soil  through  which  we  have  passed. 
There  is  not  a  stone  or  even  a  small  pebble  for  a  distance  of  200  miles ;  the 
country  is  simply  vegetable  mud."  This  matting  of  grasses  and  other 
Epical  growth  is  often  from  two  to  three  feet  in  thickness,  and  as  it  de- 
cays falls  to  the  bottom  to  undergo  further  maceration — again  to  be  replaced 
by  new  seasonal  growth.  It  is  not  restricted  to  the  Nile,  but  occupies  the 
Teaches  of  all  the  higher  lakes  and  swamps  visited  by  Speke,  Livingstone, 
and  other  African  explorers.] 

58.  The  mode  in  which  animals  tend  to  aflect  the  crust  of 
the  earth  is  chiefly  by  adding  their  waste  secretions  or  cover- 
ings, and  in  this  respect  they  are  exclusively  Tecoiis»\.T\3Le.\«t^. 
It  is  true  that  the  bones  and  other  remains  oi  t^ie  \ai^et  ^.m- 
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mals  are  often  buried  in  the  mud  of  lakes  and  estuaries — there 
in  time  to  form  solid  petrifactions,  and  to  leave  records  of  the 
past  life  of  the  globe ;  but  such  results  are  lithologically  trifling 
compared  with  shell-beds,  coral-reefs,  and  foraminiferal  ac- 
cumulations. Thus,  gregarious  molluscs — as  oysters,  cockles, 
and  mussels — ^live  in  beds  of  considerable  thickness,  and,  if  en- 
tombed amid  the  silt  of  estuaries,  will  in  time  constitute  beds 
of  shelly  limestone,  like  those  occurring  among  the  older 
strata.  For  miles  along  certain  coasts  we  meet  with  thick 
accumulations  of  drifted  shells;  such  accumulations  we 
find  in  all  raised  beaches  and  marine  silt ;  and  many  of 
the  so-called  shell-marls  of  our  ancient  lakes  are  mainly 
composed  of  the  shells  of  lymnea,  paludina,  planorbis,  and 
other  fresh-water  genera.  The  recent  discoveries  of  the  micro- 
scope have  shown  that  many  accumulations  of  whitish  mud 
in  kkes  and  estuaries,  as  weU  a^  certain  deposits  in  bogs 
and  valleys,  now  silted  up,  are  almost  wholly  composed  of  the 
silicious  and  calcareous  coverings  of  infusorial  organisms  (so 
caUed  from  being  abundantly  found  in  putrid  vegetable  infu- 
sions).  We  say  infusorial  organisms,  for  it  is  still  matter  of 
dispute  among  microscopists  how  many  of  these  minute  forms 
of  existence  should  be  classed  with  the  vegetable,  and  how 
many  with  the  animal  kingdom.  Whatever  their  real  nature, 
they  are  produced  with  extreme  rapidity;  and  their  flinty 
and  limy  cases  (many  thousands  of  which  are  contained  in  a 
cubic  inch),  being  aggregated  in  countless  myriads,  .constitute 
thick  layers,  as  in  the  estuary  of  the  Elbe,  in  the  plains  of  the 
Amazon,  and  in  many  of  our  own  bogs ;  just  as  the  mountain- 
meal  (berg-mahl  of  the  Swedes),  the  edible  clay  of  the  Ameri- 
can Indians,  and  the  polishing  slate  of  Tripoli  and  Bohemia, 
are  analogous  deposits  of  earlier  dates.  Besides  these  infusorial 
organisms,  the  calcareous  shields  of  microscopic  foraminifera 
are  also  adding  largely  to  the  solid  or  rocky  matter  of  the 
globe.  In  all  deep-sea  soundings,  whether  in  the  Indian, 
Atlantic,  or  Pacific  Ocean,  the  lead  invariably  brings  up 
thousands  of  these  minute  shields,  and  over  extensive  areas 
the  muddy  deposit  seems  to  be  entirely  composed  of  such 
remains.  In  the  North  Atlantic,  for  example,  the  United 
States  ship  Dolphin  made  many  soundings,  varying  from  looo 
to  2000  fathoms,  and,  according  to  Professor  Bailey,  the 
matter  brought  up  by  the  lead  "did  not  contain  a  particle  of 
gravel,  sand,  or  other  recognisable  unorganised  mineral  matter, 
but  was  almost  entirely  made  up  of  the  calcareous  shells  of 
minute  foraminifera."     Combining  these  results  with  others 
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obtained  from  soundings  in  the  western  portion  of  the  Atlan- 
tic, Mr  Bailey  arrives  at  the  still  broader  conclusion,  "  that 
the  bottom  of  the  North  Atlantic,  as  far  as  examined,  from 
the  depth  of  about  60  fathoms  to  that  of  more  than  two  miles 
(2000  fathoms),  is  literaUy  nothing  but  a  mass  of  microscopic 
shells."  When  treating  of  the  older  rock-formations  we  shall 
see  what  an  important  part  these  minute  organisms,  vegetable 
and  animal  (diatoms,  foraminifers,  and  polycystines),  have 
played  in  adding  to  the  solid  matter  of  the  globe ;  and  were 
the  accumulations  now  taking  place  in  our  seas  and  lakes 
and  rivers  investigated  with  proper  care,  we  should  in  all 
likelihood  discover  them  still  playing  as  important  a  part  in 
the  formation  of  solid  rock-matter. 

[The  principal  rock-builders  among  these  microscopic  organisms  are  the 
fcraminiferaf  which  secrete  calcareous  shields,  and  occasionally  cement  for 
themselves  arenaceous  cases;  the  polycystirux,  which  secrete  silicious  or 
flinty  cases  ;  and  the  diaiomacece,  of  vegetable  origin,  whose  frustules  are 
also  of  silez.  Other  forms  of  the  Protozoa  and  Protophyta  secrete  lime 
and  flint,  but  the  preceding  are  the  most  notable,  not  only  in  existing 
waters,  but  in  the  so-called  microzoal  and  microphytal  earths  of  the  geolo- 
gist   See  Chap.  XX.,  under  the  head  of  "  Organic  Accumulations."] 

59.  By  far  the  most  notable,  as  it  is  undoubtedly  the  most 
wonderful,  exhibition  of  animal  agency — or  rather  of  animal- 
chemical  agency — ^is  that  of  the  coral  zoophyte.     Endowed 
with  the  power  of  secreting  lime  from  the  waters  of  the  ocean, 
the  coral  animalcule  rears  its  polypidom,  or  rocky  structure 
(polypus,  and  domus,  a  house),  in  the  warmer  latitudes  of  every 
"  sea — and  there  constructs  reefs  and  barriers  roimd  every  island 
and  shore,  where  conditions  of  depth  and  current  are  favour- 
able to  its  development.     Many  of  these  reefs  extend  for 
hundreds  of  leagues,  and  are  of  vast  thickness,  reminding  one 
of  the  strata  of  limestone  belonging  to  the  older  formations. 
The  true  reef-building  zoophyte  is  apparently  limited  in  its 
range  of  depth,  operating  only  where  perpetually  covered  by 
the  tide,  and  downwards  to   eighteen   or  twenty  fathoms. 
Within  this  range  it  is  ceaselessly  active, — elaborating  lime 
from  the  ocean,  and  converting  it  into  a  home  for  itself  and 
its  myriad  progeny.     Let  any  one  examine  a  branch  of  com- 
mon madrepore  coral,  count  the  number  of  cells  or  pores  in 
it,  remember  that  each  pore  is  the  abode  of  an  independent 
but  united  being,  and  then  reflect  on  the  thousands  of  miles 
of  coral-reef  now  in  process  of  formation,  and  he  will  be  lost 
in  wonder  at  the  numerica]  exuberance  of  animal  Aiie.    ^Y\ife 
ted'huilding  corals  (for  there  are  corals  which.  \ive  ae^a.'wX.^^ 


68  GEOLOGICAL  AGENCIES. 

or  in  limited  groups  and  at  vast  but  variable  depths)  are  of 
various  families  and  genera — ^the  more  abundant,  according  to 
Darwin,  being  the  Madrepores^  Astrceas,  Porites,  Meandrince^ 
and  Nullipores  at  moderate  depths,  and  the  Mtllepores,  Serir 
atopores,  and  other  delicate  forms,  at  depths  from  fifteen  to 
twenty  fathoms.  The  reef-mass  formed  by  their  aggregate 
labours  occurs  also  in  all  stages  of  development,  from  the  liv- 
ing and  growing  branch  to  a  compact  and  solid  aggregation 
of  limestone,  scarcely  to  be  distinguished  from  some  of  the 
softer  marbles.  Partaking  of  the  elevation  or  depression  of 
the  sea-bottom,  and  being  subject  to  the  influence  of  the 
waves  and  breakers,  a  coral-reef  is  not  a  mere  narrow  ledge 
composed  of  various  beautifully-formed  corals,  but  a  barrier 
of  limestone  more  or  less  compact,  mingled  with  sand,  shells, 
sponges,  sea-urchins,  and  other  marine  exuviae,  and  often  pre- 
senting a  surface  above  the  waves  weathered  and  converted 
into  a  sandy  soil,  sometimes  capable  of  sustaining  a  wonderful 
amount  of  vegetation.  This  conversion  of  the  coral  reef  into 
an  island  is  well  illustrated  by  the  following  account  of  Pratas 
Island,  by  Dr  Collingwood,  in  the  *  Journal  of  Science'  for 
April  1867  :  "  Pratas  Island  (170  miles  from  the  mainland  of 
China,  and  about  250  from  Formosa)  is  about  a  mile  and  a 
half  long,  and  half  a  mile  wide,  and  is  only  visible  at  a  dis- 
tance of  8  or  9  miles  in  clear  weather ;  not  rising  in  its  high- 
est part  more  than  25  or  30  feet  above  the  level  of  the  sea, 
though  the  bushes  which  cover  some  parts  give  it  an  additional 
elevation  of  10  feet  or  so.  It  is  formed  entirely  of  coarse 
coral-sand  or  debris,  generally  shelving  gradually,  but  in  some 
parts  having  a  steep  bank  about  3  feet  high.  The  interior  is 
rough  and  hilly,  from  accumulations  of  similar  white  sand 
blown  up  from  the  shore ;  and  so  overgrown  is  it  with  shrubs, 
as  to  be  in  some  parts  almost  impenetrable,  though  the  soil 
might  be  supposed  to  be  anything  but  favourable  to  vegetable 
growth,  nothing  but  sand  being  everywhere  visible,  and  that 
of  the  coarsest  and  loosest  description." 

[Depth  of  CorcU-growth.— It  is  customary  to  speak  of  coral-reefs  as  rising 
from  unfathomable  depths,  and  forming,  as  it  were,  independent  islands  in 
the  expanse  of  ocean.  It  is  true  that  detached  corals  and  coral  drift  have 
been  brought  up  by  the  sounding-lead  in  almost  every  sea,  and  often  at 
vast  depths  (Sir  J.  Ross  dredged  living  coral  up  270  fathoms  in  73°  S.  lati- 
tude) ;  but  the  reef-building  species  seem  to  operate  only  within  the  limits 
above' indicated.  Should  the  bottom  to  which  they  are  attached  partake 
of  a  gradual  elevation,  they  build  outward  and  seaward  to  deeper  water ; 
and  should  it  be  undergoing  depression,  they  build  upward  and  upward 
without  interruption,  and  thus  present  in.  coxoae  ol  a%c&  ^i  T^et  of  vast  ex- 
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temt  and  tliickness.  On  the  point  of  depth,  Mr  Darwin,  who  has  made  the 
formation  of  coral-reefs  a  subject  of  special  observation  and  study,  speaks 
decidedly  as  follows :  **  Although  the  limit  of  depth  at  which  each  par- 
ticular Idnd  of  coral  ceases  to  exist  is  far  from  being  accurately  known, 
yet  when  we  bear  in  mind  the  manner  in  which  the  clumps  of  coral  gradu- 
ally become  utafrequent  at  about  the  same  depth,  and  wholly  disappear  at 
a  greater  depth  than  twenty  fathoms  on  the  slope  round  Keeling  Atoll,  on 
the  leeward  side  of  the  Mauritius,  and  at  rather  less  depth  both  without 
and  within  the  atolls  of  the  Maldiva  and  Chagos  Archipelagoes  ;  and  when 
we  know  that  the  reefs  round  these  islands  do  not  differ  from  other  coral 
formations  in  their  form  and  structure, — we  may,  I  think,  conclude  that  in 
ordinary  cases,  reef -building  polypifers  do  not  flourish  atgrtaier  d^thsthan 
heiween  twerUy  and  thirty  fcUhoms." 

Rapidity  of  Coral-growth. — Respecting  the  rapidity  of  the  growth  of 
coral  we  have  no  very  definite  information.  According  to  earlier  authori- 
ties,  the  growth  of  a  coral-reef  is  exceedingly  slow,  and  some  observa- 
tions in  the  Red  Sea  and  elsewhere  would  seem  to  favour  this  conclusion ; 
but  Mr  Darwin,  who  cites  instances  of  a  ship's  bottom  being  covered  to 
the  thickness  of  two  feet  in  twenty  months — of  loose  masses  becoming 
firmly  cemented  by  new  growth  in  six  months — and  of  a  channel  in  Keel- 
ing Reef,  through  which  a  schooner  was  floated,  being  choked  up  in  ten 
years — has  arrived  at  the  following  conclusions :  "  First,  that  consider- 
able thicknesses  of  rock  have  certainly  been  formed  within  the  present 
geological  era  by  the  growth  of  coral  and  the  accumulation  of  its  detritus ; 
and  secondly,  that  the  increase  of  individual  corals  and  of  reefs,  both  out- 
wards  or  horizontally,  and  upwards  or  vertically,  under  the  peculiar  con- 
ditions favourable  to  such  increase,  is  not  slow,  when  referred  either  to  the 
standard  of  the  average  oscillations  of  level  in  the  earth's  crust,  or  to  the 
more  precise  but  less  important  one  of  a  cycle  of  years."] 

Chemical  Agency. 

60.  The  modifying  causes  resulting  from  chemical  action 
are  numerous  and  complicated.  Thus,  the  accumulation  of 
the  coral-reef  is  partly  a  chemical  process ;  the  operations  of 
all  mineral  springs  are  more  or  less  chemical ;  and  many  of 
the  phenomena  connected  with  volcanoes  and  earthquakes  may 
arise  from  a  similar  source.  The  results  of  electric  and 
magnetic  forces,  whether  operating  in  the  atmosphere,  as  in 
thunderstorms  and  the  like,  or  silently  among  the  solid  sub- 
stances of  the  crust,  may  be  regarded  as  coming  under  this 
head ;  so  that  chemical  agency,  though  one  of  the  least  per- 
ceptible, may  in  reality  be  one  of  the  most  general  of  modify- 
ing causes.  Laying  aside,  in  the  meantime,  the  changes  taking 
place  in  the  interior  of  the  rocky  crust  by  which  some  strata 
are  consolidated  and  hardened,  others  softened  and  dissolved 
away,  metallic  veins  formed,  and  new  compounda  ^^aNiotaX*^ 
by  tiie  union  of  different  substances,  we  skaU.  coiAiia  ovxt  x^ 
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marks  to  those  chemical  results  which  chiefly  appear  on  the 
surface,  such  as  the  formation  of  travertine,  calc-tuff,  silicious- 
sinter,  bituminous  exudations,  and  the  like. 

[The  student  should  early  accustom  himself  to  look  beyond  the  mere  ac- 
curmdating  effect  of  chemical  action,  and  endeavour  to  become  acquainted 
with  the  manner  in  which  the  constituent  matters  of  rock-substances  act 
and  react  upon  each  other.  Thus,  the  alkalis  and  alkaline  carbonates 
attack  many  rocks  with  great  facility,  removing  first  a  portion  of  their 
silica,  then  a  portion  of  their  alimiina,  and  subsequently  also  water,  soda, 
potash,  lime,  and  magnesia.  From  the  researches  of  M.  Delesse,  it  has 
been  found  that  the  action  of  the  alkalis  is  greater — the  larger  the  amount 
of  silica  a  rock  contains,  the  less  crystalline  their  structure,  and  the  less 
glassy  quartz  appears  in  their  composition.  Hence  many  volcanic  and  trap- 
pean  rocks,  as  trachyte,  obsidian,  pearlstbne,  &c.,  are  rapidly  acted  on, 
and  fully  40  per  cent  of  their  mass  removed,  by  the  action  of  alkaline  salts ; 
and  as  the  waters  of  infiltration  always  contain  less  or  more  of  these  salts, 
and  as  the  amount  increases  with  the  depth  at  which  the  waters  percolate, 
and  the  effect  is  increased  by  increase  of  temperature  and  pressui-e  (as  is 
seen  in  many  mineral  waters,  geysers,  &c.),  there  can  be  no  doubt  that  the 
action  of  the  alkalis  or  alkaliiie  salts  plays  an  important  part  in  the  chemi- 
cal reactions  which  take  place  in  the  interior  of  our  planet.  Again,  accord- 
ing  to  Bischoff,  alkaline  and  earthy  sulphates  are  reduced  by  carbonaceous 
substances  in  the  wet  way  into  sulphurets.  For  example,  the  so-called 
"  fetid  gypsum "  is  a  sulphate  of  lime  which  has  been  partially  con- 
verted into  sulphuret  of  calcium  by  contact  with  organic  matter  in  water. 
If  a  mineral  water  contains  sulphates,  proto-carbonate  of  iron,  and  organic 
matter,  the  conditions  for  the  formation  of  sulphuret  of  iron  are  complete, 
and  sulphuret  of  iron  is  actually  formed  in  this  way.  As  with  these,  so  with 
many  other  instances  that  might  (if  space  permitted)  be  readily  adduced.] 

6 1.  The  formation  of  coral-reefs,  we  have  said,  is  partly 
a  vital  and  partly  a  chemical  process.  The  limy  matter  is 
no  doubt  secreted  by  the  polype,  but  its  consequent  consoli- 
dation into  a  compact  rocky  mass  is  the  result  of  chemical 
action  (through  the  percolation  and  transfusion  of  carbonated 
waters)  among  the  particles  of  lime,  of  which  the  coral  is 
almost  wholly  composed.  The  same  sort  of  cohesion  takes 
place  among  drifted  shell-beds  and  calcareous  sands,  often 
rendering  them  as  hard  and  compact  as  ordinary  building- 
stones,  and  then  known  as  littoral  or  shore-formed  concrete  (Lat. 
litits,  the  shore).  Deposits  of  limestone  from  what  are  termed 
calcareous  or  petrifying  springs,  are  strictly  of  chemical  origin, 
as  are  also  the  stalactites  arising  from  the  dropping  of  cal- 
careous water  from  the  roofs  of  caverns,  and  the  stalagmites 
which  incrust  their  floors.  In  this  way  are  formed  porous 
caleareoua  tufa,  or  calc-tuff,  compact  calc-sinter  (Ger.  sinterriy 
to  drop),  the  travertine  of  Italy,  and  o\Xifti  <i^.\ca.i^ovia  aggrega- 
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tions.  As  with  lime,  so  in  like  manner  with  flint  or  silex — 
many  hot  springs  Hke  those  of  Iceland  and  the  Azores  depos- 
iting silicious  incrustations  (silidouS'SirUer)  of  considerable 
thickness,  or  permeating  loose  material,  and  binding  them 
together  with  a  hard  flinty  cement.  Clay  or  alumina,  sulphur, 
and  other  mineral  matters,  are  also  deposited  largely  from 
springs,  or  arise  as  sublimations  from  Assures  connected 
with  volcanic  action.  Sulphurous  mud-springs,  indeed,  are 
quite  common  in  volcanic  districts,  and  are  incessantly  dis- 
charging their  contents  in  ravines  and  river-courses,  or  form- 
ing wide  barren  tracts  of  hardened  mud  and  sulphur. 

62.  Deposits  of  salt,  natron,  and  the  like,  are  also  of 
chemical  origin ;  and  these  are  to  be  found  less  or  more  in 
all  tropical  regions,  and  in  many  volcanic  districts.  Deposits 
of  common  salt  (chloride  of  sodium)  along  the  flat  muddy 
shores  of  India,  in  the  bottom  of  salt-lakes  and  the  like,  are 
familiar  phenomena,  and  where  continued  year  after  year 
must  in  time  acquire  considerable  thickness.  Nitrate  of  soda 
and  nitrate  of  potash  are  deposited  in  like  manner  in  the  shallow 
salt-lakes  of  Africa  and  Asia,  and  in  the  salinas  or  deserted 
sea-reaches  of  South  America  (see  Chap.  XX.) ;  while  most 
of  the  borax  of  commerce  is  derived  from  the  lakes  of  North 
America,  Central  Asia,  or  the  lagoons  of  Northern  Italy. 
Under  this  head  also  may  be  classed  aU  bituminous  exuda- 
tions and  deposits,  as  petroleum  and  asphalt,  which  'either 
impregnate  the  soil  and  gravel  through  which  they  percolate, 
or  form  independent  deposits  as  the  pitch  lakes  of  Trinidad 
and  Texas. 

Igneous  or  Vulcanic  Agency. 

63.  The.  last  and  most  important  of  the  modifying  causes  to 
be  noticed,  are  those  depending  on  igneous  or  volcanic  agency 
(Lat.  i^nts,  fire).     The  operation  of  water,  whether  in  the  form 
of  rain,  rivers,  or  waves,  is  to  wear  down  the  higher  portions 
of  the  earth's  crust,  and  transport  the  matter  to  lower  localities 
— thus  tending  to  reduce  aU  to  one  smooth  and  uniform  level. 
This  equalising  tendency  of  water  is  mainly  counteracted  by 
the  operations  of  fire — ^the  earthquake  and  volcano  breaking 
up,  elevating,  and  producing  that  diversity  of  surface  so  indis- 
pensable to  variety  in  vegetable  and  animal  life.     These  two 
forces — ^the  aqueous  and  igneous — may  be  considered  as  antag- 
onistic to  each  other,  and  to  them  may  be  asenbeA.  ^i)[i^  y^"^^"^" 
pal  mo^^cations  that  have  taken  or  are  stiU.  ia^kia^  ^^^^  m 
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the  crust  of  the  globe.  As  the  one  from  vnthout  tends  to 
degrade  and  wear  down,  so  the  other  from  within  tends  to 
elevate  and  reconstruct ;  and  though  the  force  exerted  by  either 
may  vary  at  different  epochs,  still  the  general  result  is  the 
maintenance  of  a  habitable  terraqueous  surface.  Igneous 
agency  or  Vulcanism,  as  depending  on  some  deep-seated  source 
of  heat  with  which  we  are  but  little  acquainted,  manifests  itself 
in  three  grand  ways — ^viz.,  in  Volcanoes,  in  Earthquakes,  and 
in  gradual  Crust-motions.  In  these  exhibitions,  igneous  agency 
acts  chemically  in  the  fusion  and  production  of  new  rock- 
compounds,  and  mechanically  in  fracturing,  depressing,  and 
elevating. 

64.  The  effect  of  Vulcanism  or  internal  igneous  force  is  to 
elevate  either  by  simple  expansion  and  upheaval  of  the  crust, 
or  by  the  repeated  accumulations  of  matter  ejected  from  the 
interior.  Both  of  these  modes  are  abundantly  evident  in 
nature ;  and  one  can  scarcely  credit  the  amoimt  of  argument 
that  has  been  expended  to  prove  that  volcanoes  were  either 
all  "  craters  of  elevation  "  or  all  "  craters  of  eruption,"  as  if 
the  two  modes  were  not  ever  coincident  and  concomitant  phe- 
nomena. We  can  readily  conceive  of  large  areas  of  the  earth's 
crust  being  fractured  and  borne  up  by  volcanic  force  from 
beneath,  and  in  this  way  many  of  our  mountain-chains  and 
hill-ranges  have  at  first  been  formed.  At  certain  places  open- 
ings or  cralers  occur  (so  called  from  their  cup-like  form — Gr. 
kratevy  a  cup  or  bowl),  and  from  these  are  ejected  at  intervals 
molten  lava,  fragments  of  rock,  ashes,  dust,  hot  mud,  and 
various  gaseous  exhalations.  Flowing  from  the  crater  over 
the  surrounding  country,  the  lava,  after  cooling,  frequently 
forms  thick  masses  of  rocky  matter,  varying  in  compactness 
from  hard  basalt  to  open  and  porous  pumice-stone.  Ashes, 
dust,  and  volcanic  mud  accumulate  in  a  similar  manner,  erup- 
tion after  eruption  adding  to  the  height  of  the  moimtain,  and 
ultimately  giving  to  it  a  conical  form. 

65.  In  this  way  have  the  cones  of  Etna,  Vesuvius,  and 
Hecia  been  formed;  and  in  this  way  have  these  eruptions 
modified  the  surrounding  country,  filling  up  valleys,  creat- 
ing crags  and  cliffs,  enveloping  fields,  and  burying  cities, 
as  in  the  case  of  Pompeii  and  Herculaneum.  As  with 
these  within  the  historic  period,  so  with  more  than  three 
hundred  others  in  various  parts  of  the  globe;  and  look- 
ing at  many  of  our  older  hills  and  mountain-ranges,  we  dis- 
cover abundant  proofs  of  a  similar  origin  and  mode  of  forma- 

tion.     Nor  are  the  destructive  effects  oi  volcanoea  dependent 
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alone  on  the  discharge  of  molten  and  heated  rock-matter  ;  for 
not  nnfrequently  the  discharge  consists  of  mud  and  boiling 
water — ^which  descends  in  torrents,  as  in  the  case  of  Gunning 
Salak  in  Java  in  1669,  when  the  inhabitants  and  their  huts, 
trees,  cattle,  crocodiles,  and  fishes  were  swept  forward  into 
the  sea  at  Batavia.  As  yet  we  have  spoken  of  volcanoes  as 
taking  place  only  on  land ;  but  we  have  also  evidence  of  their 
occurrence  in  the  ocean,  creating  shoals  and  islands  like  many 
of  those  in  the  Pacific,  modifying,  of  course,  the  directions 
and  velocities  of  tides  and  currents,  and  in  many  instances 
destroying  myriads  of  marine  animals  by  their  noxious  exhala- 
tions. In  the  one  case,  volcanoes  are  termed  sub-aericUf  in 
the  other  sub-aqtieous.  When  taking  place  under  water,  the 
volcanic  discharges  of  lava  and  ashes  wiU  be  interstratified 
and  mingled,  with  the  sedimentary  matter  of  the  ocean — an 
occurrence  we  shall  afterwards  find  very  common  among  the 
older  rock-formations ;  and  still  more  complex  phenomena  will 
be  presented  when  the  eruptions  occur  among  snows  and 
glaciers  and  icebergs,  as  do  those  of  Mount  Erebus  in  the 
Antarctic  Ocean.  On  the  whole,  as  there  is  no  modifying 
cause  so  sublime  in  its  operations  as  volcanic  agency,  so  like- 
wise there  is  none  more  complicated  or  puzzling  in  its  results. 
Now  we  have  outbursts  of  molten  lava,  here  cooling  rapidly 
into  a  vitreous-looking  mass  (obsidian),  there  cooling  slowly, 
and  forming  granular  and  crystalline  rocks,  like  basalt  and 
greystone  (trachyte) ;  at  another  period  discharging  light  :cel- 
lular  slag-stone  (pumice) ;  at  a  third  showering  abroad  clouds 
of  dust  and  ashes  over  the  land  and  adjoining  seas ;  again 
casting  forth  huge  rock-masses  and  fragments  (volcanic  bombs) ; 
and  anon  giving  rise  to  hot  springs,  mud  springs,  exhalations 
of  sulphur,  steam,  and  other  gaseous  products. 

66,  Earthquakes,  which  are  intimately  associated  with  vol- 
canoes, and  but  varied  expressions  of  the  same  force,  produce 
modifications  of  the  earth's  crust  chiefly  by  fracture,  sub- 
sidence, and  elevation.  During  their  convulsions  the  land 
may  be  thrown  into  abrupt  heights,  rent  with  chasms  and 
ravines,  or  even  be  submerged  beneath  the  ocean ;  while  the 
sea  may  be  thrown  into  violent  commotion,  and  waves  (earth- 
quake waves)  of  enormous  magnitude  thrown  with  destructive 
impetus  on  the  land.  Their  general  tendency  is,  therefore, 
like  that  of  volcanoes,  to  diversify  the  surface  of  the  globe, 
and  to  render  irregular  what  aqueous  agency  is  perpetually 
striving  to  render  smooth  and  uniform.  D\mxvg^  VisX'ewX. 
convulsion^  extensive  edterations  are  sometimes  t^io^axc^^  Q!\i 
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the  face  of  a  country ;  and  of  such  changes  in  Southern  Italy, 
Iceland,  India,  the  West  Indies,  Mexico,  and  other  volcanic 
regions,  we  have  frequent  and  abundant  record  within  the 
historical  era.  Even  within  the  present  century,  we  know 
that  a  large  tract  at  the  mouth  of  the  Indus  was  submerged, 
while  a  new  district  was  raised  from  beneath  the  ocean ;  that 
the  coast  of  Chili  for  many  leagues  was  permanently  elevated 
from  six  to  ten  feet;  and  that  in  the  West  India  Islands, 
harbours  have  been  sunk,  towns  destroyed,  and  rivers  changed 
from  their  former  courses.  The  operations  of  earthquakes 
must  have  been  similar  in  all  time  past,  and  to  them  must  be 
ascribed  many  of  the  fractures,  dislocations,  and  contortions, 
so  prevalent  among  the  earlier  rock-formations  of  the  globe. 

[As  an  illustration  of  marine  disturbances  produced  by  earthquake  con- 
vulsion we  may  quote  what  took  place  in  the  Bay  of  Simoda  (Japan)  in 
December  1854,  as  recorded  in  the  Transactions  of  the  Chinese  Branch  of 
the  Asiatic  Society.  In  this  instance  not  only  were  gigantic  waves  thrown 
on  shore,  but  abrupt  risings,  fallings,  and  whirlings  of  the  water  took  place, 
accompanied  by  the  emission  of  sulphurous  gases  from  the  bed  of  the  bay, 
which  must  have  caused  the  sudden  death  of  whole  shoals  of  fishes  and 
other  marine  animals.  "About  9  a.m.  on  the  23d  Dec.  several  shocks 
of  an  earthquake  were  experienced,  lasting  for  two  or  three  minutes.  H.M. 
frigate  Diana  was  much  agitated,  as  was  also  a  French  whaler  seven  miles 
from  the  coast  of  Niphon.  At  ten  o'clock,  or  about  three-quarters  of  an 
hour  after  the  shock,  a  huge  wave  entered  the  bay,  wrecked  the  native 
craft,  and  spent  its  force  in  submerging  the  town  of  Simoda.  Five  minutes 
after,  the  flood  subsided,  when  the  waters  presented  the  appearance  of  being 
in  a  state  of  ebullition,  bubbling  up  as  if  a  thousand  springs  were  in  motion. 
The  wave  then  returned  with  tremendous  velocity,  completing  the  destruc- 
tion of  the  junks  and  of  the  town.  At  thirteen  minutes  after  ten  another 
wave  entered  with  still  greater  velocity.  A  cloud  of  vapour  was  observed 
at  the  same  time  over  the  ruins,  while  the  air  was  impregnated  with  a 
sulphurous  odour;  and  it  was  doubtless  the  emission  of  this  gas  from 
the  bottom  of  the  bay  that  caused  the  bubbling.  The  whirlpool,  occa- 
sioned partly,  it  may  be,  by  waters  engulfed  in  chasms  below,  and  partly 
by  their  sudden  rise  in  a  narrow  bay,  caused  the  frigate  to  revolve  forty- 
three  times  in  thirty-two  minutes  !  causing  a  dizzy  sensation  among  ill 
on  board.  Besides  this  rotatory  motion  the  vessel  drifted  from  side  to 
side,  now  crushing  rudder  and  keel  against  rocks,  and  forced  with  her  three 
anchors  into  deep,  if  not  unfathomable,  abysses.  After  half  an  hour's  in- 
terval the  rising  and  falling  of  the  water  became  more  violent  than  before. 
At  3  P.M.  their  force  gradually  subsided.  The  gallant  ship  suffered  so 
much  that  she  went  down  in  a  subsequent  gale."] 

67.  The  gradually-elevating  forces  connected  with  igneous 

agency  are  less  obvious  than  the  volcano  and  earthquake,  but 

not  on  that  account  the  less  important  or  general.     At  present 

it  is  known,  from  repeated  observatioii,  that  the  shores  of  the 
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Baltic  are  gradually  rising  above  the  waters,  at  the  rate,  it  is 
estimated,  of  four  feet  in  a  century ;  the  shores  of  Siberia,  as 
well  as  of  all  the  islands  within  the  Arctic  Circle,  are  fringed 
with  numerous  recent  terraces;  and  large  tracts  along  the 
eastern  and  south-western  coasts  of  South  America  e^ibit 
similar  uprises.  Such  uprises,  not  being  very  perceptible,  are 
apt  to  be  underestimated,  or  even  disregarded ;  but  when  we 
cast  our  eye  along  the  shores  of  our  own  island,  and  discover 
Tarious  ancient  beaches  or  shore-lines  stretching  along  above 
the  present  sea-level,  at  elevations  varying  from  ten,  twenty, 
forty,  and  sixty,  to  one  hundred  feet  and  upwards,  we  are 
then  prepared  to  admit  how  extensively  the  appearance  and 
conditions  of  the  globe  must  be  modified  in  course  of  ages  by 
these  slowly-gradual  but  gigantic  manifestations. 

["At  Lima,"  says  Mr  Darwin,  in  his  'Geological  Observations  in  South 
America,'  "  the  elevation  has  been  at  least  85  feet  within  the  Indio-human 
period;  though  since  the  arrival  of  the  Spaniards  in  1530,  there  has  appa- 
rantly  been  a  slight  sinking  of  the  surface.  At  Valparaiso,  in  the  course  of 
220  years  the  rise  must  have  been  less  than  19  feet ;  but  it  has  been  as 
much  as  from  10  to  11  feet  in  the  17  years  subsequently  to  18 17,  and  of 
this  rise  only  a  part  can  be  attributed  to  the  earthquake  of  1822,  the  re- 
nuuBder  having  been  insensible,  and  apparently  still  (1834)  in  progress. 
At  Chiloe  the  elevation  has  been  gradual,  and  about  4  feet  in  four  years. 
At  Coquimbo,  also,  it  has  been  gradual,  and  in  the  course  of  150  years  has 
amounted  to  several  feet.  The  sudden  small  upheavals,  accompanied  by 
earthquakes,  as  in  1822  at  Valparaiso,  in  1835  at  Concepcion,  and  in  1837 
in  the  Chenos  Archipelago,  are  familiar  to  most  geologists,  but  the  gradual 
rise  of  the  coast  of  Chiloe  has  been  hardly  noticed ;  it  is,  however,  very 
imi>ortant  as  connecting  together  those  two  orders  of  events — viz.,  the 
gradual  and  sudden."] 

68.  Nor  is  it  alone  the  configuration  and  extent  of  the 
terrestrial  surface  that  are  affected  by  this  process ;  we  know 
that  the  generic  distribution  of  plants  and  animals  is  governed, 
in  a  great  measure,  by  altitude  above  the  sea ;  and  one  can 
readily  perceive  how  such  gradual  uprises  of  the  land  must 
be  gradually  changing  the  character  and  distribution  of  the 
life  upon  its  surface.  Nor  is  it  terrestrial  existence  alone 
that  is  influenced  by  such  upheavals :  the  sea-bottom  is  par- 
taking of  the  same  uprise,  and  marine  life  is  even  more 
sensitive  than  terrestrial  to  changes  of  depth  and  sea-bottom. 
Every  zone,  from  the  shore  daily  covered  by  the  tides  to  the 
greatest  vital  depths,  is  characterised  by  its  own  peculiar  sea- 
weeds and  shell-fish,  and  these  must  necessarily  be  influenced, 
in  their  kind  and  distribution,  by  every  elevalion  «Ai^  ^^5Jc>- 
mergence  of  the  sea -bottom  they  inhabit.      T\i\\a,  Va.  ^"^ 


76  GEOLOGICAL  AGENCIES. 

British  seas,  naturalists  point  out  four  great  zones  of  life — 
the  Littoral,  the  Laminarian,  the  Coralline,  and  Coral.  The 
Littoral  lies  between  high  and  low  water  mark  (varying  in 
extent  according  to  the  rise  and  fall  of  the  tide,  and  the 
shallowness  of  the  shore),  and  is  characterised,  as  the  bottom 
may  be  rocky,  sandy,  or  muddy,  by  such  moUusca  as  the 
periwinkle,  limpet,  mussel,  cockle,  razor-shell,  &c.,  and  by 
such  plants  as  the  bladder-wrack,  dulse,  and  carigeen.  The 
Laminarian  commences  at  low-water  mark,  and  extends  to  a 
depth  of  from  40  to  90  feet,  and  is  characterised,  as  its  name 
implies,  by  the  broad  waving  sea-tangle  and  larger  algae,  by 
star-fishes,  the  common  echinus,  by  tubularia,  modiola,,  and 
pullastra.  The  Coralline  extends  from  90  to  about  300  feet 
in  depth,  and  is,  in  our  latitudes,  the  great  theatre  of  marine 
life;  the  common  sea- weeds  cease,  and  corallines  luxuriate; 
the  ordinary  shore-shells  disappear;  and  buccinum,  fusus, 
trochus,  venus,  pecten,  and  the  like,  abound.  The  Coral 
zone,  as  its  name  implies,  is  the  region  of  the  calcareous 
and  stronger  corals,  and  extends  from  300  to  600  feet — ^a 
depth  rarely  found  in  true  British  seas — ^but  where  found, 
characterised  by  forms  of  star-fish,  cidaris,  and  brachiopod 
mollusca,  which  cannot  exist  in  shallower  waters.  Any  de- 
rangement, therefore,  of  these  zones  caused  by  volcanic  or 
earthquake  disturbance — ^whether  sudden  or  gradual — would 
necessarily  be  followed  by  a  change  in  their  fauna  and  flora,* 
perhaps  by  a  total  extinction  of  many  genera  and  species 
from  these  waters.  As  along  our  own  shores,  so  all  over  the 
globe — ^the  laws  of  volcanic  development  and  distribution 
vary  with  external  physical  conditions ;  and  with  the  numer- 
ous causes  which  may  altey  and  modify  these  conditions,  the 
student  of  geology  cannot  too  soon  render  himself  familiar. 

NOTE,   BECAPITULATORY  AND  EXPLANATORY. 

69.  In  the  preceding  chapter  we  have  given  a  general  out- 
line of  the  causes  now  tending  to  modify  the  crust  of  the 
earth — ^that  is,  of  the  principal  agencies  concerned  in  the  pro- 
duction of  all  geological  change.  These,  we  have  said,  are 
the  Atmospheric,  the  Aqueous,  the  Organic,  the  Chemical, 
and  the  Igneous  or  Vulcanic.  By  one  or  other  of  these 
agencies,  or  by  a  combination  of  them,  are  all  the  changes 
now  taking  place  on  the  globe  effected;  and  as  we  are 
warranted  in  concluding  that  these  agents  have  similarly 
operated  through  all  previous  time,  so  to  them  must  be 
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ascribed  the  formation  and  structure  of  the  solid  crust.  Bains, 
winds,  and  frosts  must  have  always  weathered  and  worn 
down ;  springs,  streams,  and  rivers  must  have  always  cut 
for  themselves  channels,  and  transported  the  eroded  material 
to  lakes  and  seas,  there  to  be  spread  out  in  layers  or  strata ; 
and  in  these  accumulations  must  the  remains  of  plants  and 
animals  have  been  entombed,  some  swept  from  the  land,  and 
others  buried  as  they  lived  in  the  waters.  In  this  way,  and 
by  calling  in  the  aid  of  chemical  and  organic  agency  to  ex- 
plain the  occurrence  of  certain  mineral  deposits  and  accumula- 
tions of  vegetable  and  animal  growth,  we  can  account  for  the 
formation  of  all  rocks  which  occur  in  layers  or  strata.  On 
the  other  hand,  as  volcanic  agency  now  breaks  up  the  crust 
of  the  earth,  elevating  some  portions  and  submerging  others, 
and  anon  casting  forth,  from  rents  and  craters,  masses  of 
molten  matter  and  showers  of  dust  and  ashes,  so  in  former 
times  must  the  same  agency  have  fractured  and  contorted  the 
solid  strata,  and  cast  forth  molten  matter,  which,  when  cooled 
down,  would  form  rock-masses,  in  which  no  layers  or  lines 
of  deposit  could  appear.  Besides  modifying  the  earth's  crust 
by  upheaval  and  disruption,  volcanic  agency  also  produces  a 
peculiar  class  of  rocks ;  and  these  are  found  abundantly  in  all 
regions,  from  the  recent  lavas  of  Etna  and  Vesuvius,  to  the 
basalts,  greenstones,  and  granites  of  our  own  hills. 

[Epitomising  these  modifying  agencies,  we  have — 

1.  The  Atmospheric,  depending  on  the  atmosphere  ; 

(Air-weathering,  winds,  desiccation,  frostis,  ice- action.) 

2.  The  Aqueous,  arising  from  the  actions  of  water ; 

(Rains,  springs,  rivers,  waves,  tides,  ocean-currents. ) 

3.  The  Oboanic,  arising  from  vegetable  and  animal  growth  ; 

(Peat-moss,  swamp-growth,  jnngle-growth,  microphytal  earths.) 
(Coral-reefs,   serpula- reefs,    shell -beds,   bone -shoals,   microzoal 
earths.) 

4.  The  Chemical,  arising  from  chemical  action ; 

(Solution  and  precipitation,  action  and  reaction,  &c.) 

5.  The  Igneous,  arising  from  the  internal  fire-forces  ; 

(Volcanic  eruptions,  earthquakes,  crust-movements. ) 
Of  these  some  act  mechanically ^  some  chemically,  others  organically  ; 
some  appear  as  wasters,  some  as  reconstructors,  and  others  as  both.] 

70.  We  have  thus,  on  and  within  the  globe,  a  variety  of 
agents  ceaselessly  active,  and  ceaselessly  productive  of  change. 
The  result  of  their  operation  is,  and  has  ever  been,  the  pro- 
duction of  new  rocks  and  new  rock-arrangements;  and  the 
more  we  know  of  the  operations,  the  better  wQi  "w^  \>^  «XS^^ 
to  apprecia^  their  results.    In  the  words  of  Sit  "B-eivrj  ^^  \^ 
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Beche  :  "  As  geological  knowledge  advances,  the  more  evident 
does  it  become  that  we  should  first  ascertain  the  various 
modifications  and  changes  which  now  take  place  on  the  sur- 
face of  the  earth,  carefully  considering  their  causes,  and  then 
proceed  to  employ  this  knowledge,  so  far  as  it  can  be  made 
applicable,  in  explanation  of  the  facts  seen  in  connection  with 
the  geological  accumulations  of  prior  date.     This  done,  we 
should  proceed  to  view  those  not  thus  explained,  with  refer- 
ence to  the  conditions  and  arrangements  of  matter  which  the 
form  of  our  planet,  the  known  distribution  of  its  heat,  the 
temperature  of  the  surrounding  space,  and  other  obvious  cir- 
cumstances, may  lead  us  to  infer  would  be  probable  during 
the  lapse  of  geological  time."     Than  this  there  is  no  other 
key  to  the  interpretation  of  the  terrestrial  record;  and  to 
ascribe    what  we    cannot   thus    explain  to   "catastrophes," 
"cataclysms,"   and  "revolutions   of  the  globe,"   is  but  to 
confess  our,  inability  to  comprehend  the  phenomena  in  ques- 
tion.    Law  is  operating  everywhere,  and  where  we  fail  in 
tracing  its  connection,  it  is  better  to  rest  satisfied  with  a 
faithful  description  of  facts,  than  do  violence  to  nature  by 
appeals  to  the  reign  of  disorder  and  confusion.     The  student 
cannot,  therefore,  pay  too  much  attention  to  this  department 
of  his  science;  and  luckily  for  his  progress  it  is  treated  in 
admirable  detail  by  Sir  Charles  Lyell  in  his  *  Principles  of 
Geology,'  and  by  Sir  Henry  de  la  Beche  in  his  *  Geological 
Observer ' — works  devoted  exclusively  to  a  consideration  of 
the  operations  and  changes  now  taking  place  on  and  within 
the  crust  of  our  planet. 


79 
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GENEBAL   ABBAN6EMENT  AND   BELATIONS  OF  THE  MATERIALS 

COMPOSING   THE  EAETH's   CRUST. 

7 1.  The  terrestrial  crust  accessible  to  human  research  is  com- 
posed of  solid  substances,  all  known  to  the  geologist  by  the 
name  of  rocks — ^these  rocks  the  products  of  the  operations  de- 
scribed in  the  preceding  chapter.     No  matter  whether  in  the 
state  of  soft  and  yielding  clay,  of  incoherent  sand  and  gravel, 
of  dull  earthy  chalk  or  sparkling  crystalline  marble,  of  friable 
sandstone  or  of  the  hardest  granite — all  are  spoken  of  as 
"rocks"  and  "rock-formations."     And  properly  so,  for  the 
finest  sand  or  the  most  impalpable  mud  is  but  the  comminut- 
ed debris  of  pre-existing  rocks,  and  if  subjected  to  pressure,  to 
heat,  or  to  chemical  change,  would  be  again  converted  into 
hard  and  indurated  masses.     The  sand  and  gravel  of  the  sea- 
shore are  but  the  comndnuted  fragments  of  the  rocky  cliffs 
above,  and  the  mud  borne  by  the  river  but  the  waste  and  wash 
from  the  higher  uplands.     The  crust  of  the  earth,  then,  from 
the  superficial  soil  to  the  limit  of  the  greatest  accessible  depth, 
consists  of  rocks ;  and  to  ascertain  how  these  are  arranged,  of 
what  they  are  composed,  and  what  their  general  distinguish- 
ing features,  is  the  object  of  the  present  phapter.     It  must  be 
obvious  that  without  such  knowledge  it  would  be  impossible 
to  make  any  systematic  classification  of  these  materials,  so  as 
to  arrive  at  definite  notions  respecting  the  forces  and  condi- 
tions that  prevailed  on  the  surface  of  the  globe  at  the  time  of 
their  formation. 

Stratified  or  Sedimentary  Bocks. 

72.  Judging  from  the  operations  of  the  modifying  causes 
explained  in  the  preceding  chapter,  one  would  natoraXI^'^  \sAfc\ 
that  all  matter  deposited  as  sediment  from  watet  '^^  \i^  ^2t- 
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ranged  in  layers  along  the  bottom.  Fine  mud  and  clay  readOy 
arrange  themselves  in  this  manner,  and  sand  and  gravel  are 
also  spread  out  in  layers  or  beds  more  or  less  regular.  In 
course  of  time  a  series  of  beds  will  thus  be  formed,  lying  one 
above  another  in  somewhat  parallel  order,  thicker,  it  may  be, 
at  one  place  than  another,  but  still  preserving  a  marked  hori- 
zontality,  and  showing  distinctly  their  lines  of  separation  or 
deposit.  Thus  the  miscellaneous  debris  (a  convenient  French 
term  for  all  waste  or  worn  material,  wreck  or  rubbish)  borne 
down  by  a  river,  will  arrange  itself  in  such  layers  along  the 
bottom  of  a  lake — the  shingle  and  gravel  falling  first  to  the 
bottom,  next  the  finer  sand,  and,  lastly,  the  impalpable  mud 
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Stratified  Arrangement  of  Sediment. 

or  clay,  as  represented  in  the  preceding  diagram.  As  in  lakes, 
so  also  in  estuaries  and  seas ;  and  as  by  the  agency  of  rivers, 
so  in  like  manner  by  the  action  of  waves,  tides,  and  ocean- 
currents,  which  are  ceaselessly  abrading  the  sea-coast  in 
one  district,  and  transporting  the  debris  to  another,  where  it  is 
laid  down  in  layers,  all  less  or  more  horizontal.  In  process  of 
time,  according  to  the  matter  of  which  they  are  composed,  the 
degree  of  pressure  to  which  they  are  subjected,  and  the  amount 
of  chemical  change  their  particles  may  undergo,  these  layers 
become  hard  and  stony — ^sand  being  consolidated  into  sand- 
stone, gravel  into  conglomerate,  mud  into  shale,  and  so  on  of 
other  ingredients.  As  at  present  so  in  all  time  past  similar 
deposits  in  water  must  have  taken  place ;  and  one  cannot  ex- 
amine the  face  of  a  quarry,  a  sea-cliff,  or  railway-cutting,  with- 
out observing  how  very  generally  the  rocks  are  arranged  into 
beds  and  layers.  These  layers  are  technically  known  as  strata 
(plural  of  stratum,  strewn  or  spread  out) ;  hence  all  rocks  ar- 
ranged in  layers — ^that  is,  arising  from  deposition  or  sediments 
in  water — are  termed  aqueous,  sedimentary,  or  stratified.  Here, 
then,  we  have  one  great  division  of  the  rock-materials  com- 
posing the  crust ;  namely,  those  arranged  in  strata,  and  hence 
presumed  to  have  derived  that  arrangement  from  the  ordinary 
operations  of  water. 
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(Jnstratified  or  Igneous  Rocks. 

73.  On  the  other  hand,  when  we  examine  the  rocky  matter 
ejected  from  volcanoes,  we  observe  no  such  lines  of  deposit, 
and  no  such  horizontality  of  arrangement.  In  general,  they 
bnrst  through  the  stratified  rocks,  or  spread  over  them  in 
mountain-masses  of  no  determinate  form — ^here  appearing  as 
walls,  filling  up  rents  and  chasms — ^there  rising  up  in  huge 
conic^  hills — ^and  in  another  region  flowing  irregularly  over 
the  surface  in  streams  of  lava,  which,  when  cooled,  form  a 
rock  less  or  more  compact,  and  not  unf  requently  of  crystallised 
texture.  When  such  rocks  are  quarried  or  cut  through,  they 
do  not  present  a  succession  of  layers  or  strata,  but  appear 
m  arrvorphous  masses — that  is,  masses  of  no  regular  or  de- 
terminate form  ^Gr.  a,  without,  and  morpJi^^  form  or  shape). 
Thus,  in  connection  with  the  stratified  rocks,  tiiey  present  some- 
thing like  the  annexed  appearance, — A  A  A  being  stratified  or 
sedimentary  rocks  lying  bed  above  bed  ;  B  B  being  the  igne- 
ous, rising  up  through  them  in  massive  and  irregular  forms. 
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stratified  and  Unstratified  Rocks. 


Referring  to  their  origin,  they  are  spoken  of  as  igneous,  vol- 
canic, or  eruptive ;  and,  in  contradistinction  to  the  stratified 
rocks,  they  are  termed  the  unstratified.  We  have  thus,  in  the 
crust  of  the  globe,  two  great  divisions  of  rocks,  the  stratified 
and  UNSTRATIFIED— the  one  depending  on  the  operations  of 
water,  the  other  resulting  from  the  operations  of  fire  ;  and,  as 
we  shall  afterwards  see,  to  one  or  other  of  these  divisions  do 
all  rock-formations  belong,  however  much  broken  up,  displaced, 
and  contorted,  or  how  great  soever  the  changes  that  have  sub- 
sequently taken  place  in  their  mineral  composition. — Organi- 
cally-formed and  chemically-formed  rocks,  such  as  limestone, 
coal,  and  bedded  ironstone,  though  not  strictly  owing  their 
origm  to  the  operations  of  water,  usually  lie  in  positions  less 
or  more  stratiform;  and  are,  accordingly,  ranked  with  the  stra- 
tified, with  which  also  they  are  generally  interbedded  and  in- 
timately associated. 

pn  the  earlier  geological  works  the  student  will  &id  tYie  \ATm&  slTcU,\jved, 
tedmentcuy,  ag[ueous,  and  Heptunian  (Neptune,  god  oi  \i\ift  oeeax^V '^'^^^^' 
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criminately  applied  to  sncli  rocks  as  evidently  owe  their  origin  to  the  opera- 
tions of  water ;  and,  on  the  other  hand,  unstratijied,  eruptive,  igneous,  or 
pyrogenotis,  and  Pluionic  (Pluto,  god  of  the  lower  regions),  applied  to  those 
that  have  resulted  from  the  operations  of  fire,  or  are  the  products  of  igneous 
fusion.] 

Relations  of  Stratified  and  Unstratified  Hocks. 

74.  Having  been  spread  or  strewn  over  the  bottom  of  seas 
and  lakes  in  the  state  of  sediment,  the  original  position  of  the 
stratified  rocks  must  have  necessarily  been  less  or  more  hori- 
zontal A  bed  of  mud,  for  example,  may  be  thicker  in  one 
part  than  in  another,  or  it  may  thin  out  and  altogether  disap- 
pear, its  place  being  taken  by  a  deposit  of  sand  or  gravel ;  but 
still  its  general  deposition  is  fiat  or  horizontal  The  stratified 
rocks,  when  broken  up  by  earthquakes  and  volcanoes,  will  lose 
this  horizontality,  and  be  thrown  into  positions  more  or  less 
inclined  and  irregular.  Nay,  by  the  violent  and  repeated  ope- 
ration  of  volcanic  forces,  they  may  be  thrown  on  edge,  may 
subside  in  basin-shaped  troughs  and  hollows,  or  be  bent  and 
contorted  in  the  most  strange  and  fantastic  manner.  Such  ap- 
pearances are  frequent  in  sea-cliffs,  in  the  sides  of  ravines,  in 
railway-cuttings,  and  in  quarries ;  and  geologists  speak  of  such 
faces  or  exhibitions  of  strata  as  sections — that  is,  cuttings 
thronghy  exhibiting  the  order  of  relation  among  the  several 
strata.  The  following  section,  for  instance,  exhibits  strata  at 
A  in  a  horizontal  position ;  at  B  in  an  inclined  position ;  at  C 


Horizontal  and  Inclined  Stratification. 


in  a  highly-inclined  position,  or  on  edge  ;  and  at  D  thrown  or 
tilted  up.  The  angle  or  slope  at  which  a  stratum  inclines  to 
the  horizon  is  called  its  dip ;  and  strata  are  accordingly  said 
to  dip  at  an  angle  of  ten,  twenty,  or  thirty  degrees,  as  the  case 
may  be.  When  an  inclined  stratum  comes  to  the  surface,  as 
at  E,  its  edge  is  called  the  outcrop^  and  the  line  of  outcrop  is 
termed  its  strihe^  from  the  German  word  streichen,  to  stretch 
or  extend.  Thus  we  speak  of  the  strike  of  a  stratum  being 
from  east  to  west,  and  its  dip  to  the  north  or  south ;  in  other 
words,  the  dip  and  strike  are  always  at  right  angles  to  each 
other;  hence  the  one  being  known,  we  can  leadily  determine 
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the  course  of  the  other.  In  the  preceding  illustration,  the 
strata^  though  dipping  at  various  angles,  are  all  plane  or 
straight ;  that  is,  the  disturbing  forces  have  merely  broken  up 
their  original  horizontaUty  without  producing  any  bondings, 
flexures,  or  contortions. 

75.  When  strata  dip  in  opposite  directions  from  a  ridge  or 
line  of  elevation,  like  the  roof  of  a  house,  as  at  F,  the  axis  is 
said  to  be  arUidinal  (arUiy  opposite,  and  klino,  I  bend),  and 
the  strata  are  spoken  of  as  forming  an  anticline  or  saddleback. 
On  the  other  hand,  when  they  dip  towards  a  common  line  of 
depression,  as  at  G,  the  axis  is  termed  synclinal  (syn,  together), 
and  the  depression  so  formed  is  described  as  a  trough  or  basin; 
or  when  they  dip,  as  sometimes  they  do,  to  a  common  centre, 
they  are  said  to  be  centroclinal,  and  the  basin  becomes  circular 
or  bowl-shaped.  When  strata  are  bent  and  curved  as  at  H, 
they  are  termed  coivtorted  ;  and  frequent  bendings  are  spoken 
of  dA  flexures.  Strata  lying  upon  each  other  in  parallel  order 
are  said  to  be  conformable  ;  but  when  one  set  overlies  another 
set^  and  at  a  diiOferent  angle,  as  at  K,  they  are  termed  urvcon- 
formdble.  In  the  accompanjring  diagram,  for  example,  the 
horizontal  series  K  are  unconformable  to,  or  rest  unconformably 


nnoonfbrznablei  Bant,  and  Contorted  Strata. 

on,  the  highly-inclined  series  beneath  them — ^the  latter  having 
been  deposited,  consolidated,  and  upturned,  before  the  former 
were  laid  down  upon  their  edges.  When  the  same  set  of  strata 
are  bent  into  numerous  troughs  and  ridges,  or  undulations, 
they  are  said  (not  very  correctly)  to  roll;  and  when  one  portion 
of  the  same  series  is  carried  forward  over  another  portion,  it 
produces  what  is  termed  an  overlap.  In  some  instances  an 
overlap  is  apt  to  be  mistaken  for  unconf ormability,  though  the 
two  are  very  difiFerent  phenomena — the  one  being  an  overlie 
of  a  portion  of  the  same  beds  produced  by  subsidence,  the 
other  an  overlie  produced  by  the  deposition  of  a  newer  set  of 
strata  over  the  outcrops  of  an  upturned  one  of  earlier  date. 
Occasionally  the  strata  of  a  district,  though  lying  at  different 
angles,  may  all  slope  in  the  same  way,  and  in  such  a  case  they 
are  said  to  be  monodinal  (moTios,  one  and  the  same),  ot  ^YgiYvxi^ 
m  one  main  direction,  as  at  MM  M.     Not  unixeqja^iitV^  ^e^ 
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are  found  in  dome-shaped  positions,  and  sloping  on  every  side 
from  a  common  centre  or  apex,  and  then  they  are  said  to  be 
pericltTbol  (Gr.  peri,  all  round),  cyclodinal  (Gr.  kuklos,  a  circle), 
or  quaqTiaversal — that  is,  dipping  in  every  direction. 


Moaoclixxal  Strata. 


76.  When  strata  terminate  abruptly  in  a  bold  bluff  edge, 
they  are  said  to  form  an  escarpment  (Ft,  escarpe,  steep),  as 
at  L ;  and  such  escarpments  may  either  be  the  sides  of  mils, 
sea  or  river  cliffs,  or  precipitous  heights  now  far  removed  from 
the  influence  of  water.  Patches  or  masses  of  strata  detached 
from  the  main  body  of  the  formation  to  which  they  belong  are 
termed  outliers,  as  at  O  0 ;  and  such  outliers  are  often  widely 


Esoarpment—  Outliers. 

separated  from  their  original  connection.  In  all  cases  of  this 
kind,  whether  the  outlier  be  an  island  detached  from  the  parent 
continent,  or  an  isolated  moimd  in  a  valley,  its  connection  is 
traced  and  confirmed  either  by  the*  mineral  similarity  and 
succession  of  its  strata,  or  by  the  identity  of  its  fossils  with 
those  contained  in  the  main  formation.  On  the  other  hand, 
when  a  series  of  beds  is  removed  by  denudation  so  as  to 
expose  a  portion  of  the  underlying  series,  that  portion  is  spoken 
of  as  an  irUier,  as  lying  within  the  denuded  escarpment  of  the 
former. 

77.  Rocks  of  igneous  origin  present  themselves  in  the  cmsl 
of  the  earth,  either  as  disrupting,  interstratified,  intrusive,  or 
overlying  masses.  Thus,  when  igneous  matter  forces  its  way 
through  the  stratified  rocks,  and  fills  up  the  rents  and  fissures, 


Overlyinj.  Interatratified.  and  Disrupting  Masses. 

it  is  termed  disrupting,  as  at  A ;  when,  having  passed  through 
tie  strata,  it  spreads  over  their  surface  in  sheet-like  masses, 
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as  at  B  B,  it  is  then  said  to  be  overlying ;  and  when  these 
discharges  have  taken  place  at  the  bottom  of  the  sea,  and  have 
been  in  turn  covered  over  by  new  deposits  of  sediment,  they 
then  appear  as  interstratified  with  the  true  sedimentary  rcfcka, 
as  at  C  C.     When  the  igneous  matter  appears  to  have  thrust 
itself  between  certain  strata  in  wedge-shaped  or  sheet-like 
masses,  it  is  spoken  of  as  intrusive,  but  such  masses  want  the 
regularity  and  continuity  of  the  interstratified.     Besides,  while 
the  interstratified  can  only  bake  or  alter  the  rocks  on  which 
they  rest,  the  intrusive  will  afifect  them  on  both  sides.     Oc- 
casionally the  interstratified  matter  appears  to  have  been 
ejected  in  the  state  of  dust  and  ashes,  and  to  have  subsided 
as  sediment  in  the  ocean,  there  to  be  covered  up  by  true 
aqueous  debris;  but  in  such  cases  an  examination  of  the 
particles  of  the  rock  will  generally  determine  its  igneous  origin. 
In  true  aqueous  rocks  the  component  particles  are  all  more  or 
less  water-worn  and  rounded ;  in  these  igneous  precipitates, 
the  particles  are  sharp  and  angular,  and  in  many  instances 
their  crystallographic  forms  are  abundantly  apparent.   Further, 
true  aqueous  clays  and  muds  are  all  less  or  more  plastic ; 
whereas  volcanic  ash  and  dust  feel  harsh  to  the  finger,  and 
have  lost  their  plasticity,  or  property  of  being  worked  into  a 
tenacious  paste.     On  the  other  hand,  where  volcanic  dust  and 
mud  have  mingled  themselves  with  the  sedimentary  matter 
of  the  ocean,  and  been  subsequently  consolidated  into  strata, 
it  is  often  impossible  to  distinguish  between  such  compounds 
and  rocks  of  true  aqueous  origin ;  and  for  all  practical  pur- 
poses they  may  be  regarded  as  ordinary  sedimentary  rocks. 

78.  The  fissures  and  fractures  produced  in  the  rocky  crust 
by  volcanic  agency  are  known  by  such  terms  as  faults,  slips, 
hatches,  &c. ;  and  when  filled  up  by  injections  or  infiltrations 
of  mineral  matter,  they  are  spoken  of  as  dykes,  lodes,  veins,  &c. 
In  the  annexed  diagram,  A  represents  a  simple  fissure  or  rent ; 
B  a  fault,  where  one  portion  of  the  strata  appears  to  have 
slipped  down  while  another  portion  has  been  hitched  up ;  C 


FisBures,  Faults.  Dykes,  and  Veins. 


represents  a  fault  or  dislocation,  where  the  strata  ax^  iio\>  q»\^ 
displaced^  bnt  thrown  up  at  different  angles  *,  D  a  d^Yi^^'^V^^c^ 
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the  fissure  has  been  filled  with  igneous  matter,  in  the  form  of 
a  dyke  or  wall ;  and  E  E  a  suit  of  lodes  or  veins  passing  partly 
through  imstratified  and  partly  through  stratified  rocks.  All 
such  displacements  or  disturbances  by  which  the  strata  are 
fractured  or  thrown  out  of  their  original  position  are  known 
by  the  general  term  dislocations  ;  and  there  is  scarcely  a  square 
mile  of  the  solid  crust  which  does  not  bear  abundant  evidence 
of  the  application  of  disturbing  forces.  Indeed  it  is  impossible 
that  upheavals  or  submergences  of  any  portion  of  the  earth's 
crust  can  take  place  without  causing  fractures  and  disloca- 
tions; and  just  in  the  manner  and  direction  in  which  the 
volcanic  force  exerts  itself,  so  will  these  dislocations  be  few  or 
numerous,  simple  or  compHcated.  Thus  the  following  diagram 
exhibits  a  number  of  such  disturbances  and  the  names  by  which 
they  are  technically  known, — A  being  a  soft  dyke — ^that  is,  a  fis- 
sure filled  in  by  wash  from  above ;  B  a  hard  dyhe^  filled  in  by 
igneous  matter  from  below,  also  forming  what  is  termed  a  dyke- 


Various  Dykes  and  Faults. 

favlt ;  C  C  C,  a  series  of  step  faults^  by  which  the  strata  are 
successively  upraised ;  D  D,  a  trough  faulty  by  which  portions 
of  the  strata  are  thrown  as  it  were  in  a  trough ;  and  E  being 
a  reversed  favlt,  by  which  the  beds,  instead  of  being  thrown 
up  in  the  regular  way,  are  thrown  down  or  reversed.  As  we 
shall  havfe  occasion  to  advert  to  the  special  aspects  of  these 
phenomena  when  we  treat  of  the  Practical  Applications  of  the 
science  (Chap.  XXII.),  the  student  at  this  stage  need  only 
remember  that  the  tendency  of  every  earthquake  and  volcano 
is  to  rend  and  shiver  the  solid  strata ;  that  where  the  shock 
is  unaccompanied  by  discharges  of  igneous  matter,  the  rents 
will  simply  be  fissures,  slips,  and  faults ;  that  where  it  is  accom- 
panied by  igneous  discharges,  the  molten  matter  will  force 
its  way  through,  and  fill  up  the  fissures,  producing  dykes ; 
and  that  where  the  rents  are  subsequently  filled  up  by  the 
slow  infiltrations  of  mineral  and  metallic  matter  by  the  per- 
colation of  water,  the  result  will  be  lodes  and  veins. 
/p.  To  ascertain  the  dip  and  strike  oi  stiata^the  lines  of  faults 
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and  dislocations,  the  direction  of  veins,  and  the  like,  the  ob- 
server mnst  carry  along  with  him  a  pocket-compass  and  clino- 
meter. In  fact,  without  these  simple  instruments  he  cannot 
unravel  the  arrangement  and  relations  of  the  strata  in  any  dis- 
trict of  country,  however  limited ;  and  no  satisfactory  know- 
ledge of  superposition  can  be  arrived  at  without  correct  and 
absolute  sections.  Thus  the  compass  will  readily  indicate  the 
bearings  of  faults  and  dislocations,  the  strike  of  strata,  the 
direction  of  the  dip,  and  other  similar  relations ;  and  by  ascer- 
taining these  facts  at  several  points  in  any  district,  the  rela- 
tions of  the  intermediate  portions  which  may  be  obscured 
by  superficial  coverings  can  be  pretty  accurately  determined. 
Again,  by  the  clinometer  (Gr.  tdino^  I  slope,  and  metron,  a 
measure) — which  may  form  the  framework  of  the  compass,  and 
may  consist  of  a  square  and  plummet  or  of  a  spirit-level  and 
movable  arm  with  a  graduated  radius — he  can  ascertain  the 
angle  of  dip  at  any  one  point,  and  so  determine  the  various  up- 
throws and  downthrows,  the  depressions,  elevations,  and  con- 
volutions to  which  the  district  under  survey  has  been  subjected. 
(See  Chap.  XXTI.)  If,  for  example,  in  travelling  across  a  country, 
ne  finds  the  rocks  at  a  certain  point.  A,  dipping  to  the  south, 
and  after  proceeding  a  few  hundred  yards  he  finds  them  at  B 
dipping  to  the  north,  he  may  safely  conclude  that  the  space 
xZJn  fonns  a  trough  or  b^in.    igain,  if  travelling  so'uth- 

A  B  CD 

.0O4L 


nr       nir        nlr 


wards  in  the  same  direction  he  finds  the  strata  at  C  now  dip- 
ping to  the  south,  he  may  be  certain  that  the  space  between 
B  and  C  is  occupied  by  an  anticlinal  axis  or  saddleback.  Still 
going  southwards,  if  he  finds  in  some  quarry,  as  at  D,  the 
strata  continuing  their  southward  dip,  but  at  an  angle  of  60° 
instead  of  20°,  as  at  C,  then  he  may  be  pretty  sure  dislocation 
has  taken  place,  and  would  be  justified  in  indicating  the  same 
on  his  map  or  section.  Such  a  line  of  examination  forms  what 
is  called  a  line  of  section  ;  and  a  vertical  section  of  the  strata 
passed  over  might  be  represented  as  follows : — 


It  is  by  $uch  processes  (explained  at  lengtli  in  auo^Siet  ^^cHassv^^ 
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that  the  geological  survey  of  a  district  is  executed ;  the  various 
formations  being  indicated  by  diiOferent  colours  ;  the  strike  of 
strata  indicated  by  dark  lines ;  the  dip  by  arrows ;  and  the  in- 
ternal arrangement  and  superposition  by  sections  taken  along 
such  lines  as  the  surveyor  thinks  best  calculated  to  illustrate 
the  peculiar  structure  of  the  country. 


NOTE,   BECAPITULATOBY  AND  EXPLANATORY. 

80.  I^he  object  of  the  foregoing  chapter  has  been  to  point 
out  the  arrangement  and  relations  of  the  materials  constitut- 
ing the  crust  of  the  globe.  The  general  tendency  of  aqueous 
action,  wherever  it  manifests  itself,  is  to  wear  down  the  rocks 
of  exposed  localities,  and  to  transport  the  debris  or  waste 
matenal  to  the  lower  level  of  lakes,  estuaries,  and  seas — ^there 
to  be  spread  out,  with  greater  or  less  regularity,  in  layers  or 
strata.  The  tendency  of  igneous  action,  on  the  other  hand,  is 
to  coimteract  this  degrading  effect — ^to  throw  up  masses  of  new 
rock-matter,  to  elevate  the  land,  and  to  produce  new  irregulari- 
ties of  surface  by  fracture  and  dislocation  of  the  crust.  Ascrib- 
ing similar  results  to  similar  causes,  and  reasoning  from  the  re- 
cent to  the  more  remote,  we  find  the  same  sort  of  arrangement 
and  relations  subsisting  among  the  older  and  deeper-seated 
rocks  of  the  globe.  Wherever  a  section  of  the  crust  has  been 
exposed,  whether  in  natural  clifiBs  and  ravines,  or  in  artificial 
quarries  and  mines,  the  rocks  are  foimd  to  be  arranged  either 
in  layers  or  in  indeterminate  masses.  Those  arranged  in  layers 
have  been  evidently  formed  through  and  by  the  agency  of 
water — ^those  in  shapeless  masses  through  and  by  the  agency 
of  fire.  Referring  to  their  origin,  the  one  set  are  termed  the 
stratified,  aqueous,  or  sedimentary — ^the  other  the  unstratified, 
igneous,  or  volcanic.  As  a  natural  consequence  of  their  forma- 
tion, the  igneous  rocks  break  through,  displace,  and  derange 
the  original  horizontal  strata,  which  now  appear  inclined  at 
various  angles,  fractured  and  contorted.  The  positions  of 
the  stratified  rocks  are  indicated  by  such  terms  as  horizontal, 
inclined,  on  edge,  anticlinal,  synclinal,  bent,  and  contorted. 
Their  dip  or  inclination  is  measured  in  reference  to  the  hori- 
zon ;  their  strike  or  line  of  outcrop  is  traced  along  the  surface. 
The  positions  of  the  igneous  rocks  in  reference  to  the  stratified 
are  spoken  of  as  disrupting,  overlying,  interstratified,  and  in- 
trusive; and  the  fractures  or  rents  caused  by  volcanic  con- 
ruJaion,  as  Ssaures,  faults,  dykes,  and  veins. 
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81.  It  is  necessary  to  have  a  thorough  comprehension  of 
these  terms,  and  the  phenomena  to  which  they  are  appKed,  be- 
fore the  student  can  hope  to  unravel  the  problems  of  geology. 
They  occur  in  every  description  he  will  read ;  and  he  cannot 
make  his  own  observations  intelligible  to  others  unless  through 
the  medium  of  the  language  peculiar  to  his  science.  As  will 
hereafter  be  seen  (Chap.  XXIL),  when  treating  of  practical  sur- 
veys, the  ascertaining  of  the  correct  dip  and  strike  of  strata, 
and  the  direction  of  faults,  dykes,  and  veins,  is  a  matter  of 
prime  importance;  and  the  student  should  therefore  early 
accustom  himself  to  the  use  of  the  compass  and  clinometer — 
entering  into  his  note-book  sections  and  sketch-maps  of  every 
locality  he  examines.  In  using  the  compass,  he  should  be  care- 
ful, in  every  instance,  to  make  allowance  for  the  variation  of 
the  needle— laying  down  his  b^rmgs  by  the  true  meridian 
rather  than  by  the  magnetic,  which  cannot  be  so  readily  com- 
pared and  harmonised  with  the  results  of  common  observation. 
As  to  the  clinometer,  he  should  aim  chiefly  at  takifig  the  gene- 
ral dip  of  the  strata  in  question,  and  endeavour  always  to  ob-* 
tain  as  long  a  surface  as  possible  whereon  to  apply  the  edge 
of  his  instrument.  For  this  purpose  his  cane  or  hammer-shc3t 
laid  along  the  slope  of  a  stratum  will  afford  a  more  accurate 
line  of  dip  than  can  be  obtained  by  the  short  edge  of  the  clino- 
meter on  any  two  or  three  inches  of  the  stratimi  itself,  which 
may  be  subject  to  surface  irregularities. 

82.  In  noting  the  purely  physical  arrangement  of  the  mate- 
rials composing  the  rocky  crust — that  is,  l£e  relative  positions 
of  the  stratified  and  imstratified  masses — the  student  cannot 
avail  himself  of  more  accessible  book-guides  than  the  '  Geo- 
l<^ical  Observer '  of  De  la  Beche,  and  tiie  prettily  illustrated 
*  Physical  Geology '  of  Mr  Beete  Jukes.  The  latter  work,  illus- 
trated by  the  pencil  of  M.  Du  Noyer,  exhibits  very  faithfully 
the  more  important  aspects  of  the  various  rock-relations,  and 
will  serve  as  a  model  to  the  young  geologist,  who  should  early 
accustom  himself  to  the  use  of  his  pencil  and  sketch-book. 
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V. 


COMPOSITION  AND   CHARACTERISTICS   OP   THE   PRINCIPAL 

ROCKS  AND   ROCK-MASSES. 

83.  In  the  preceding  chapter  it  has  been  stated  that  the 
crust  of  the  earth  is  composed  of  stratified  and  unstratified 
rocks — ^the  former  mainly  the  results  of  sediment  in  water,  the 
latter  the  products  of  igneous  fusion  and  eruption.  It  was  also 
shown  how  the  stratified  rocks  were  broken  up,  displaced,  and 
thrown  out  of  their  original  horizontality  by  vulcanic  action ; 
and  how  the  igneous  rocks  were  consequently  intermingled  with 
them  in  the  form  of  disrupting,  intrusive,  interstrat&ed,  and 
overlying  masses.  The  relations  of  these  two  great  classes  of 
rocks  to  one  another,  and  the  technicalities  employed  to  de- 
scribe these  relations,  having  been  mastered  by  the  student, 
he  has  next  to  acquaint  himself  with  the  structure,  texture, 
physical  characteristics,  and  composition  (mineral  and  chemi- 
cal) of  the  principal  rock-masses,  that  he  may  be  enabled  to 
comprehend  their  origin  and  mode  of  formation.  The'  terms 
employed  to  describe  these  characteristics  may  be  regarded  as 
the  language  of  his  science — a  language  somewhat  peculiar, 
but  by  no  means  difficult  of  attainment. 

Structure  of  Rocks. 

84.  The  structure  of  a  rock  refers  to  the  manner  in  which 
it  is  piled  up  or  aggregated  in  the  mass — to  its  masonry,  if  we 
may  so  speak;  its  texture,  on  the  other  hand,  refers  to  the 
manner  in  which  its  individual  particles  are  internally  ar- 
ranged. The  former  relates  more  especially  to  external  aspects ; 
the  latter  to  internal  constitution.  On  examining  the  face  of 
a  granite  quarry,  for  instance,  we  find  the  rock  arranged  in 
large  tabular  or  square-like  masses — this  is  its  structure ;  on 

breaking  one  of  these  blocks  we  foA  it  baid,  close-grained. 
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and  ciTStaUiue — this  ifi  its  texture.  Or,  if  vre  turn  to  the 
Giant's  Causeway,  we  perceive  that  ita  basalt  ia  arranged  in 
columns — that  is,  has  a  columnar  structure ;  and  on  taiiiug  a 
chip  from  a  column,  we  find  that  it  has  a  compact  ciyBtaUme 
texture.  The  terms  employed  to  designate  the  external  struc- 
ture are  not  very  numerous,  and  their  meaning  is  familiar 
and  obvious. 

85.  In  speaking  of  STEU.TIFIED  socks,  for  example,  geolo- 
gists employ  the  teima  stratum  and  bed  when  the  deposit 
is  of  considerable  thickness ;  laper  or  band  when  it  is  thin 
and  holds  a  subordinate  place  among  the  other  beds ;  and 
geam  when  a  rock  of  a  peculiar  character  occurs  at  intervals 
among  a  series  of  strata.  The  miner,  for  example,  speaks 
of  a  team,  nf  coal  occurring  among  strata  of  clay  and  sand- 
stone, and  of  a  band  of  ironstone  occurring  in  a  bed  of 
shale.  Though  the  tenns  bed  and  team  are  thus  loosely  used 
by  many  geologists  as  synonymous  with  layer  and  stratum,  bed 
ought  to  be  applied  only  to  the  surface  junction  of  two  lUffer- 
ent  strata,  and  seam  to  the  line  of  separation  between  them. 
Thus,  the  upper  surface  of  a  stratum  may  be  smooth,  or  it  may  be 
rough  and  irregular,  and  the  under  surface  of  the  stratum  laid 
above  it  must  partake  of  this  smoothness  or  this  irregulanty 
this  is  bedding ,  the  hue  that  marks  this  separation  between 
two  strata  is  the  team,  or  Ivm  of  bedding  Some  sandstones 
are  said  to  be  false  bedded  when  their  strata  nre  crossed  ob- 
liquely by  numerous  laminte,  or  layers  of  deposit  This  struc- 
ture is  apparently  produced  by  cross-currente  in  the  waters  of 
deposit,  and  is  tdso  known  by  the  t«rma  oUique  laminaivpn, 


current  lamination,  and  drift-bedding.  Many  limestones  and 
slates,  and  some  Biindstones,  exhibit  AJotTUed  structure — that 
is,  have  one  set  of  fissures  crossing  another  by  v»V\gV  ftus^  km. 
broken  np  into  Joints  or  Mocka  more  or  less  teg^iAsx  \a.  \(in&., 
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often  perfectly  symmetrical.  The  term  pogf  is  frequently  ap- 
plied to  express  a  thick,  nniform-grained  stratum  of  sand- 
Btone ;  aadfaihs,  a  thin-bedded  slmly  sandstone  of  iiregnlar 
composition  ;  but  the  use  of  all  local  designations  should  be 
scrupulously  avoided  as  long  as  we  have  general  and  well- 
understood  ternia  capable  of  expressing  the  same  thing. 


[Hut;  of  theie  locaJ  terms  —faikta,  dank,  blaea,  plate,  clunch,  bruit, 
dcggtT,  peldon,  and  the  like — are  no  doubt  good  old  Saxon,  and  very  ei- 
preuive ;  but  aa  the  qunrrymen  of  Caithness  employ  one  set  and  Vte 
qaiuTTmen  of  Forfar  another,  as  the  miners  of  Fife  use  one  set  of  techci- 
cslities,  the  miners  of  Newcastle  anotber,  those  of  York  and  Lancashire  s 
third,  and  those  of  South  Wales  a  fourth,  it  is  far  better  for  the  stndent  to 
acquire,  in  the  fiist  instance,  the  scientific  and  generally-understood  tetma, 
and  to  leave  the  provincial^nes  till  circumstances  may  reader  it  necessary 
to  know  them.  Some  of  thbkq  provincial  technicalities  will  be  found  in  the 
QlOBBary,  but  most  of  them  are  explained  in  detul  in  the  Author's  '  Hand- 
book of  Geological  Terms  and  Oeblogy,'  to  which  the  student  should  make 
bequent  and  systematic  reference.] 

86.  When  certain  kinds  of  strata  are  capable  of  being  split 
up  into  thin  plates  or  leaves,  they  are  said  to  be  laminated, 
flaggy,  fisgUe,  and  shaly.  For  instance,  many  sandstones  and 
limestones  show  distinctly  the  layers  of  succesuve  deposit, 
often  as  many  as  twenty  of  these  laminEe  in  a  single  inch  of 
thickness,  and  such  are  said  to  be  laminated ;  others  again,  as 
the  sandstones  used  in  paving,  are  termed  ,^r^(  a.nd  Jloffgtona, 
as  splitting  tip  in  thicker  layers  ;  while  any  rock  capable  of 
being  split  up,  whether  in  the  line  of  bedding  or  otherwise,  . 
is  said  to  be  jtseile.  Clays  and  mud-beds,  in  their  ordinary 
state,  are  soft  and  plastic ;  when  consolidated,  and  having  a 
tendency  to  split  in  the  direction  of  their  bedding,  they  are 
said  to  be  tholes  or  shaly.  The  terms  tehief  and  sekittoee  (from 
tie  Greek  lehUma,  a  splitting  or  division')  are  ^to^iI^  applied 
to  £saUe  rocks  of  cr^taUine  teztoie,  ^ft  ^^ii«  wA  \Ku»r 
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schist,  which  have  an  irregularly-lai^Hrted  texture ;  while 
slate  and  daty  should  be  restricted  to  rooLs  which,  like  roofing- 
slate,  split  up  regularly  (or  have  a  cleaved  structure),  and  this 
in  lines  generally  transverse  to  their  stratification.  The  terms 
foliation  and  foliated  (often  used  when  treating  of  schists  and 
slates)  refer  to  that  leaf -like  or  irregularly-laminated  structure 
(Lat.  folium^  a  leaf)  which  has  often  an  eztremely-fiexured 
aspect,  as  if  the  individual  laminae  of  the  rock  had  been  bent 
and  folded  over  each  other. 

87.  The  structure  that  prevails  among  igneous  bocks  is  less 
varied  and  more  definite  than  that  of  the  sedimentary,  and 
appears  in  many  instances  to  be  the  result  of  cooling,  or  crys- 
tallisation on  a  great  scale.  When  they  appear  in  columns  like 
the  basalts  of  Staffa  and  the  Giant's  Causeway,  they  are  said 
to  be  columnar  ;  and  when  the  columns  are  irregular,  and  not 
very  distinct,  as  in  many  greenstones,  they  are  termed  sub- 
columnar.  Certain  granites  break  up  in  large  square-like 
blocks — ^a  structure  which  is  styled  tabular  or  cuboidal ;  other 
rocks  of  the  same  classes  break  up  in  masses  of  no  regular 
shape,  and  are  consequently  termed  massive  or  amorphous 
{a  without,  morphe,  determinate  form).  Many  basalts  and  green- 
stones present  a  spherical  or  globular  structure,  the  weathered 
cliflfe  of  such  a  rock  appearing  like  a  huge  accumulation  of 
bombs  and  balls  varying  froiii  a  few  inches  to  several  feet  in 
diameter.  Such  a  structure,  from  its  apparent  aggregation 
round  a  common  centre,  is  also  termed  concretionari/,  and 
generally  exfoliates,  on  exposure  to  the  weather,  film  after  film, 
like  the  coats  of  an  onion. 

TextuTQ  of  Rocks. 

88.  The  internal  texture  of  rocks  is  designated  in  like  man- 
ner by  terms  expressive  of  the  appearance  they  present  when 
broken  by  the  hammer.  Thus,  a  rock  is  said  to  be  granular 
when  made  up  of  distinct  grains  or  particles,  like  granite  or 
sandstone ;  saccharoid  (like  loaf-sugar)  when  the  grains  have 
a  imiform  crystalline  aspect,  as  in  many  statuary  marbles ; 
oditic  when  composed  of  round  particles  or  concretionary 
spherules,  as  in  oolite  or  rbestone ;  porous  when  full  of  pores 
or  of  open  texture,  like  pumice ;  vesicular  or  cellular  when 
faU  of  little  cavities,  like  certain  kinds  of  lava ;  fibrous  when 
composed  of  fibres  or  filaments,  like  asbestos ;  and  acicvlar 
{dcusy  a  needle)  or  needle-shaped  when  the  fibiea  ax^  ^cvaJcoicX. 
and  of  moderate  length,  as  in  actynolite  slate.  CdftglomeroAAi 
sre  rocks  composed  of  water-worn  pebTolea — ^m  o^i^et  Ni^tftfl 
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consolidated  gravel;  breccias,  or  rocks  of  brecdated  texture, 
are  those  in  which  the  fragments  are  sharp  and  angular,  from 
the  Italian  word  breccia,  a  crumb  or  fragment ;  any  solid  ac- 
cumulation of  volcanic  fragments  is  termed  an  agglomerate  to 
distinguish  it  from  water-formed  conglomerates.  When  a  rock 
can  be  easily  broken  or  crumbled  down,  it  is  said  to  hefriahle  ; 
compact  when  of  close  and  firm  texture ;  earthy  when  the  tex- 
ture is  soft  and  dull ;  crystallised  when  made  up  of  distinctly- 
formed  crystals ;  crystalline  when  sparkling  and  shining,  but 
not  composed  of  distinct  crystals;  and  mb-crystalline  when 
the  lustre  is  dull  and  somewhat  less  apparent.  Hard  and  soft 
are  employed  in  geology  as  in  everyday  language,  with  tlus 
distinction,  that  a  rock  may  be  hard  and  yet  easily  broken 
{brittle) ;  soft,  and  yet  not  yield  readily  to  the  hammer.  To 
express  this  quality,  the  term  tough  is  generally  employed ; 
but  these  and  other  minute  distinctions  belong  rather  to 
mineralogy  than  to  geology  (see  Scale  of  Hardness,  par.  89  a). 
Generally  speaking,  the  harder  rocks  give  a  sharp,  ringing 
sound  under  the  hammer,  while  the  softer  give  a  dull  and 
heavy  one ;  hence  the  expressive  pif,  paf,  pouf  of  the  Caen 
quarrymen — pif  signifying  hard,  paf  softer,  and  pouf  the 
softest  of  alL 

Mineral  and  Chemical  Composition  of  Kocks. 

89.  The  composition  of  the  rocks  constituting  the  crust  of 
the  globe  may  be  viewed  in  two  ways — either  mineralogically 
or  chemically.  To  the  chemist  every  substance  in  nature 
appears  as  composed  of  certain  primary  elements ;  and  of  such 
elements  upwards  of  sixty  have  been  discovered — some  gaseous, 
some  liquid,  some  solid,  some  metallic,  and  others  non-metallic. 
In  examining  a  piece  of  marble,  for  example,  the  chemist  resolves 
it  into  carbonic  acid  and  lime ;  or,  more  minutely,  into  oxygen, 
carbon,  and  a  metaUic  element  called  calcium.  It  is  enough 
for  the  mineralogist,  on  the  other  hand,  to  know  that  it  is  a 
limestone,  and  to  describe  it  as  pure  or  impure,  as  soft  or 
compact,  as  earthy  or  crystalline.  The  geologist,  again,  regards 
more  especially  its  position  and  mode  of  occurrence,  with  what 
rocks  it  is  associated,  what  fossils  are  embedded  in  it :  and 
from  these  and  other  data  endeavours  to  arrive  at  the  con- 
ditions under  which  it  was  formed,  and  the  aspect  of  the 
world  at  the  time  of  its  formation.  In  drawing  such  conclu- 
aiona,  he  is  greatly  aided  by  the  deductions  of  chemistry  and 
mineralogy;  hence  the  importance  oi  tliaae  sciences  to  the 
practical  geologiat 
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89  a.  Although  the  minuter  distinctions  of  minerals,  and  the 
crystals  of  which  they  are  composed,  belong  more  especially 
to  the  sub-science  Mineralogy,  still,  as  the  descriptions  of  geo- 
logy become  intelligible  only  in  proportion  to  the  precision  of 
the  language  employed,  the  student  should  render  himself 
familiar,  by  an  examination  of  actual  specimens,  with  the 
leading  facts  relating  to  the  cleavage,  fracture,  hardness,  lustre, 
colour,  and  other  sensible  properties  of  the  most  abundant 
simple  minerals.  This  forms,  as  it  were,  his  first  step  in  miner- 
alogy :  the  discrimination  of  the  minerals  themselves,  and  the 
compound  rocks  they  produce,  constitutes  another  and  more 
difficult  stage  of  his  progress.  When  we  strike  a  crystal  of 
calcareous  spar,  for  instance,  we  find  it  has  a  tendency  to  split 
in  a  certain  fixed  direction — ^this  is  its  cleavage;  and  every 
mineral  has  a  plane  in  which  it  splits  more  readily  than  in  any 
other  direction.  When  a  rock  or  mineral  is  broken  by  the 
hammer,  the  surface  of  the  fracture  assimies  a  certain  appear- 
ance, and  such  appearances  are  distinguished  by  the  terms  con- 
choidal  or  shell-like,  even,  uneven,  smooth,  splintery,  hackly, 
<kc. ;  these  constitute  the  form  of  \\a  frcbcture.  The  hardness  or 
tenacity  of  a  mineral  is  estimated  by  a  conventional  scale  of  ten 
degrees,  assuming  talc  to  be  the  lowest  in  the  scale,  and  dia- 
mond the  highest.     Thus: — 

Talc,         .       .       .       .  z 

Bock-salt  (or  Gypsum),      .  2 

Calc-spar,   ....  3 

Fluor-spar 4 

Apatite  or  phosphate  of  lime,  5 

If,  for  example,  a  mineral  can  be  scratched  by  rock-crystal,  but 
can  in  turn  scratch  felspar,  it  is  evident  its  hardness  lies  be- 
tween 6  and  7  of  the  scale,  and  may  be  represented  by  6.3  or 
6.8,  just  as  it  seems  to  approach  felspar  on  the  one  side,  or 
rock-crystal  on  the  other.  As  to  tenacity^  it  is  closely  allied 
to  hardness,  and  is  usually  distinguished  by  such  terms  as 
tough,  sectile  or  easily  cut  by  the  knife,  brittle,  flexible,  and 
so  forth.  The  property  of  lustre  is  likewise  distinguished  by 
the  ordinary  English  terms,  dull,  glimmering,  glistening,  splen- 
dent or  shining,  metallic,  vitreous  or  glassy,  resinous,  pearly, 
and  the  like — all  very  obvious  in  their  meaning  and  applica- 
tion. Minerals,  and  the  rocks  which  they  compose,  exhibit 
every  shade  of  colour;  and  this  property,  though  distinguished 
by  liie  usual  terms,  black,  red,  green,  grey,  yellow,  <fec.,  with 
the  innumerable  shades  between  {e.g,^  olive- gteen,  "^ear^^^vi, 
leek-green},  is  often  an  important  one  in  nmieraY  ^^c.TVTKva»r 
tion.     Their  optical  propertie8j  or  power  oi  tranainiX.^^^  ^aaS 


Adularia  felspar, 

6 

Rock-crystal, 

7 

Topaz, 

8 

Corundum, 

9 

Diamond,    . 

10 

96 


COMPOSITION   OP   ROCKS. 


reflecting  light,  are  aJso  valuable  characteristics,  some  being 
transparent,  some  simply  translucent,  and  others  opaque.  As 
with  these,  so  with  other  properties  connected  with  refraction^ 
polarisation  of  light,  with  electricity  and  with  their  specific  gra- 
vities, which  are  all  useful  distinguishing  tests  and  character- 
istics to  the  geologist  as  well  as  the  mineralogist. 

[The  following  table  of  specific  gravities  may  be  of  use  for  future  refer- 
ence:— 


Agate,  . 
Amber, 

Amethyst,  Common, 
„         Oriental, 
Amianthus,  . 
Asphalt, 
Bi^ytes,  Sulphate  of, 

„       Carbonate  of, 
Basalt,  . 
Chalcedony,  . 
Chalk, 
Coals,   . 
Coral,   . 
Corundum,    . 
Diamond,  Oriental, 
Dolomite, 
Felspar, 
Galena, 
Granite, 
(jrraphite, 
Gypsxmi,  Compact, 

„         Crystallised, 
Hornblende, 
Ironstone, 
Jasper, 
Jet, 

Limestone,    . 
Magnesia,  Carbonate, 
Malachite,     . 
Marble, 
Metals — 

Antimony,   . 

Arsenic,     . 

Bismutn, 

Brass, 

Cobalt,      . 

Copper, 

Gold,  cast, 
„     hammered. 

Iridium, 


.    2.590 

1.064  to  1. 100 

.    2.750 

.    3.391 

0.315  to  1. 000 

0.905  „  1.220 

.   4-550 

4.600 

2.421  to  3.000 
2.600  „  2.650 
2.000  „  2.255 
1.025  „  1.350 
2.500  „  2.800 

.    3-710 

.    3-521 

2.540  to  2.830 

2.450  „  2.700 

6.565 .»  7-786 

2.660  „  2.800 
1.987  „  2.400 
1.870  „  2.288 
2.3II  „  2.900 

3.250  „  3.830 
3.000,,  3.575 

2-358  a  2.820 
.      1.300 

2.386  to  3.000 

.  .2. 240 

3.572  to  3.994 

2.500  „    2.700 


» 


,      6.702 

.      5-765 
.      9. 880 

7.809  to  8.400 
.  8.600 
.  8.900 
.  19.258 
.  19.361 
.  23.000 


Iron,  cast, 

„     forged. 
Lead, 

Manganese, 
Mercury,  . 
Nickel,  cast, 

„        forged, 
Palladium, 
Platina,  forged, 
„     wire, 
„     plate. 
Potassium, 
Silver, 

,,      hammered. 
Sodium,    . 
Steel,  soft, 

,,     tempered 
Tin,  . 
Zinc,  . 
Mica,     . 
Obsidian, 
Oolite, 

Pitchstone,    . 
Porphyry,      . 
Pumice, 
Quartz, 
Rock-crystal, 
Sandstone,  Craigleith,  . 
Fife, 
Glasgow, 


.    7.24S 

.    7.788 

.  11.352 

8.000 

-  13-598 
.    8.279 

.         .     8.666 

.  11.800 

.  20.336 

.  21.042 

.  22.069 

.     0.865 

.   10.474 

.   10.510 

.     0.972 

•     7.833 
.     7.825 

.     7.295 
6.200  to  7.200 

2.650  to  2.934 

.    2.370 

2. 100  to  2.600 

2.000  „  2.700 

2.450,,  2.950 
0.752,,  0.914 
2.624  „  3.750 

2.580,,  2.888 

2.350 
2.100 
2.156 


,,         Derbyshire,         .     2.628 
„  Newcastle,  .        .    2.229 

Serpentine,   .        .       2.264  to  3.000 


Slate, 
Spar,  Fluor, . 
„     Calc,  . 
Sulphur,  native, 
„       fused, 
Talc,     . 


2.000 
3.000 ,,  3.790 
2.510  „  2.800 

•    3-033 

.     1.990 

2.000  to  3.000] 


89  6.  In  treating*  the  simple  minerals  of  which  the  great  rock- 
masses  are  composed,  the  pure  mineralogist  has  to  consider 
m&ny  minute  distinctions  which  have  often  no  immediate  bear- 
ing  on  the  problems  of  geology.    He  haa  to  attend,  for  in- 
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stance,  to  minute  differences  in  chemical  composition,  to  modi- 
fications of  crystallographic  form,  and  generally  to  all  the 
properties  and  characteristics  described  in  the  preceding  para- 
graph. In  doing  so,  he  has  to  establish,  provisionally  it  may 
be,  many  hundreds  of  genera  and  species ;  hence  to  a  certain 
extent  the  complexity  and  imperfections  of  his  nomenclature 
and  classification.  Of  these  minerals,  however,  not  more  than 
thirty  or  forty  enter  largely  into  the  composition  of  the  most 
prevalent  rock-masses;  and  for  all  the  ordinary  purposes  of 
geology,  and  especially  for  the  requirements  of  the  beginner, 
a  knowledge  of  these  will  be  amply  sufficient  A  descriptive 
list  is  given  at  the  close  of  this  chapter,  and  he  who  can  readily 
discriminate  the  rocks  and  minerals  to  which  it  refers,  has  al- 
ready acquired  no  mean  amount  of  mineralogical  information. 
Eighty  years  ago.  Geology  was  little  more  than  an  elaborate 
and  extended  description  of  rocks  and  rock-relations,  the  suc- 
cessive aspects  of  World-History  as  unfolded  by  the  remains 
of  plants  and  animals  in  the  different  formations  being  almost 
unknown,  and  the  higher  problems  of  Life  and  its  creational 
progress  subordinated  to  ingenious  but  futile  attempts  to  arrive 
at  a  "  Theory  of  the  Earth  **  from  a  consideration  of  its  mere 
mineral  constituents.  Notwithstanding  this  grand  mistake, 
the  student  must  on  no  account  learn  to  underrate  the  value  of 
Mineralogy  as  a  branch  of  Geology.  The  more  extensive  his 
acquaintance  with  mineral  species,  the  more  accurate  will  be 
his  geological  deductions ;  and  the  presence  or  absence  of  cer- 
tain mineral  forms  will  often  throw  light  on  his  investigations, 
when  fossil  and  mechanical  aids  have  failed  to  inform  him. 

[In  the  preceding  paragraphs  it  has  been  stated  that  minerals  may  be 
distinguished  either  by  their  external  characters,  by  their  chemical  compo- 
sition,  or  by  their  crystallographic  forms,    i.  By  their  bxternal  charac- 
TEBS  is  meant  such  features  as  colour,  transparency ,  Itistre,  optical  proper- 
ties, phosphorescence,  streak,  stain,  frangihility,  fracture,  hardness,  tough' 
nes8,  specific  gravity,  taste,  odour,  adhesion  to  the  tongue,  cold  feel,  electricity, 
magnetism.    2.  By  their  chemical  composition  is  meant  the  ultimate  ele- 
ments of  which  they  are  composed,  and  which  can  be  indicated  quatita- 
tiwely  by  the  blow-pipe  and  other  simple  tests,  but  which  can  only  be  qttan- 
titaJtively  ascertained  by  careful  analysis.      And,  3.  By  their  cbystallo- 
ORAFHic  FORM  is  meant  the  geometric  form  of  the  crystals ;  for  though 
many  minerals  are  found  in  an  amorphovLs  or  massive  state,  the  majority, 
perhaps,  occur  in  distinctive  crystals.     These  crystallised  forms,  though 
extremely  varied,  may  all  be  reduced  to  six  great  primary  systems — viz.,  the 
eulical,  the  pyramidal,  the  rhombic,  the  oblique,  the  anorthic,  and  the  hexa- 
gonal or  rhomhohedral ;  or,  adopting  another  nomenclature,  into  the  mono- 
nelrie  or  tesseral,  the  diametric,  the  trimetric,  the  monocUiiiCjXXi^  tT\dm\A^ 
and  the  h^xa^fonal.} 

O 
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90.  Bespecting  the  cliemical  composition  of  rocks,  little  need 
be  said  in  an  elementary  treatise.  As  with  the  mineralogical 
so  with  the  chemical  aspects  of  geology :  although  the  chemist 
resolves  all  known  substances  into  some  sixty-five  elements  or 
primary  ingredients,  yet  of  these  comparatively  few  enter 
largely  into  the  composition  of  the  crust.  To  be  acquainted 
with  these  principal  ingredients,  their  nature  and  properties, 
and  the  external  character  of  tJieir  compounds,  is  nearly  all 
the  geologist  requires*  To  him  a  limestone  is  a  product  of 
fresh  water,  or  of  marine  origin,  according  to  the  nature  of  its 
fossils ;  to  the  mineralogist  it  is  a  carbonate  of  lime,  earthy, 
compact,  or  crystalline,  as  the  case  may  be ;  and  to  the  chemist 
it  is  a  compound  of  calcium,  carbon,  and  oxygen.  Again,  to 
the  geologist,  granite  is  an  igneous  rock,  eruptive  or  disruptive, 
associated  with  rocks  of  every  formation,  or  passing  in  veins 
through  strata  of  different  epochs.  The  mineralogist  regards 
it  as  a  compound  of  three  simple  minerals — quartz,  felspar, 
and  mica — in  certain  forms  and  modes  of  aggregation.  The 
chemist  now  takes  up  these  simple  minerals,  and  resolves  the 
quartz  into  silica,  the  felspar  into  silica,  alumina,  and  potash, 
and  the  mica  into  silica,  magnesia,  potash,  lime,  and  peroxide 
of  iron ;  or,  carrying  out  an  ultimate  analysis,  he  converts  the 
silica  into  silicon  and  oxygen,  the  alumina  into  aluminium  and 
oxygen,  the  potash  into  potassium  and  oxygen,  the  magnesia 
into  magnesium  and  oxygen,  the  lime  into  calcium  and  oxygen, 
and  the  peroxide  of  iron  into  iron  and  oxygen.  Bepresented 
in  a  tabular  form,  these  geological,  mineralogical,  and  chemical 
aspects  of  ordinary  granite,  appear  as  under : — 


Gbanite, 


Quartz, 


Felspar, 


Mica, 


Silica, 
Silica, 


I 


Alumina, 

Potash, 
/Silica, 
Magnesia, 

(Potash, 
Lime, 
Peroxide  of  Iron, 


( Silicon. 
\  Oxygen. 

( Silicon. 
I  Oxygen. 

(  Aluminium. 
(  Oxygen. 

f  Potassium. 
(  Oxygen. 

( Silicon. 
(  Oxygen. 

(  Magnesium. 
(  Oxygen. 

(  Potassium. 
(  Oxygen. 

( Calcium. 
(  Oxygen. 

(Iron. 
Oxygen. 
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Geological,  mineralogical,  and  cliemical  considerations  are  thus 
inseparably  interwoven ;  hence  the  value  of  chemical  know- 
ledge in  enabling  the  student  to  arrive  at  correct  conclusions 
respecting  the  origin  of  many  rocks  and  the  subsequent  changes 
they  have  undergone.  For  this  purpose  he  does  not  require 
to  spend  years  in  the  laboratory;  it  is  enough  if  he  can  appre- 
ciate the  conclusions  of  the  chemist,  and  know  how  to  apply 
them  in  the  solution  of  his  own  special  problems. 

[According  to  Professor  Phillips,  the  crust  of  the  earth,  as  known  to 
geologists,  consists  mainly  of  a  few  elements,  yariously  combined,  viz. : — 
Oxygen,  about  one-half, 50. 


Silicon,  about  one-fourth,  . 
Aluminium,  about  one-sixteenth. 
Calcium,  about  one-twentieth,  . 
Iron,  about  one-twenty-fifth,     . 
Magnesium,  about  one-thirtieth. 
Sodium,  about  one-fortieth, 
Potassium,  about  one-fortieth, 
Various  other  elements,  one-fiftieth, 


25. 
6. 

5. 
4- 
3. 
2-5 

2. 

100.] 


91.  Chemistry,  we  have  stated,  has  already  resolved  all 
objects  in  nature, — whether  mineral,  vegetable,  or  animal — 
solid,  liquid,  or  aeriform, — into  siody-five  elementary  or  ulti- 
mate substances.  Of  these  only  a  few  enter  largely  into  the 
composition  of  the  earth's  crust ;  and  of  the  others  many  are 
extremely  rare,  or  only  evolved  from  their  natural  unions  by 
chemical  analysis.  In  the  following  list  the  most  important 
(geologically  speaking)  are  printed  in  capitals,  their  characters 
being  given  as  under  the  ordinary  pressure  and  temperature 
of  the  atmosphere : — 

Oases — Hydrogen,  oxtoen,  nitrogen,  chlorine,  and  fluorine. 

Non-Metallic  Liquids  and  Solids —  Bromine,  iodine,  sulphur,  phos- 
phorus, selenium, 'CARBON,  boron,  silicon. 

Metals  being  the  bases  of  the  Earths  and  Alkalies — Potassium,  sodium, 
lithium ;  barium,  strontium,  calcixtm  ;  maqnesium,  aluminium, 
thorium,  glucinium,  zirconium,  yttrium. 

The  J/e^aZ«— Manganese,  zinc,  iron,  tin,  cadmium,  cobalt,  nickel  ; 
ARSENIC,  CHROMIUM,  vauadium,  molybdenum,  tungsten,  columbium, 
ANTIMONY,  uranium,  cerium,  bismuth,  titanium,  tellurium,  copper, 
lead;  mercury,  silver,  gold,  platinum,  palladium,  rhodium, 
osmium,  iridium,  ruthenium  ;  (and  the  following,  of  which  little  is 
yet  determined,)  caesium,  erbium,  terbium,  didymium,  lanthanium, 
niobium,  norium,  ilmenium,  pelopium,  thallium. 

Such  are  the  " elements*'  or  "simple  8u\>8\acLce^"   Q»i  ^^ 
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chemists ;  and  though  this  is  not  the  place  to  enter  into  details, 
we  cannot  leave  the  subject  without  advising  the  student  to 
render  himself  practically  familiar  with  the  nature  and  proper- 
ties of  the  more  abundant  elements.  A  few  simple  tests,  such 
as  are  indicated  in  any  manual  of  chemistry,  are  not  of  difficult 
application ;  and  after  a  little  practice  of  this  kind  the  eye 
learns  to  detect  at  first  sight  the  presence  of  most  of  the  ele- 
ments in  their  ordinary  combinations. 


Most  abundant  Rocks  and  Minerals. 

92.  Having  now  learned  something  of  the  structure  and  tex- 
ture of  rocks,  and  of  their  mineral  and  chemical  composition, 
it  is  necessary  to  be  able  to  distinguish  one  from  another,  and 
to  describe  it  by  the  name  by  which  it  is  usually  known.  For 
this  purpose  there  is  nothing  better  than  frequent  examination 
of  specimens  correctly  labelled  and  arranged  in  a  cabinet  or 
museum.  One  day  well  spent  in  this  manner  is  worth  a 
month's  reading  of  written  descriptions ;  although  such  lists 
as  the  following  are  not  without  their  uses  in  assisting  the 
beginner  to  draw  distinctions,  and  fix  on  his  memory  the 
meaning  of  the  nomenclature  adopted.  The  arrangement  is 
neither  strictly  mineral  nor  chemical,  but  is  foimded  on  such 
obvious  distinctions  as  must  meet  the  eye  of  the  most  casual 
observer.  Thus,  in  every  region  we  find  a  great  proportion  of 
the  rock-substance  composed  of  sand  or  of  fragments  more  or 
less  approaching  the  state  of  sand  {arendceous) ;  another  not- 
*able  proportion  are  clayey  or  argillaceous;  a  third  limy  or 
calcareous  ;  a  fourth  more  or  less  coaly  {carbonaceous  or  hitu- 
minous) ;  a  fifth  always  composed  of  mineral  crystals  less  or 
more  distinct  {crystalline) ;  a  sixth  chiefly  silidous  or  flinty ; 
a  considerable  class  are  saline  or  having  the  appearance  of 
rock-salt;  and  others,  again,  are  decidedly  metallic  in  their 
aspect,  as  the  ores  of  the  metals.  Distinctions  such  as  these 
are  natural  and  obvious ;  and  any  classification  founded  upon 
them  will  be  easily  mastered  by  the  student  at  this  stage  of 
his  progress : — 

{Arenaceoibs  or  Fragmental  Rocks.) 

Sand  is  in  general  a  loose  aggregation  of  water-worn  particles,  arising 

from  the  disintegration  of  pre-existing  rocks  or  other  mineral  matter.    It 

is  generally  composed  of  quartz-grains  (quartz  being  one  of  the  hardest  of 

simple  mlnerala,  and  longest  resisting  the  processes  of  attrition) ;  but  it 

may  also  consist  of  the  particles  of  sheWs,  coTa\a,  k<i.*,  \isasfc  suich  terms  as 
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shell-sand,  coral-sand,  iron-sand,  and  the  like.  The  minuter  particles  thrown 
out  by  volcanoes,  and  produced  by  explosive  force  and  attrition,  are  spoken 
of  as  volcanic  sand. 

Gravel  ia  the  term  applied  to  water-worn  fragments  of  rocks  when  the 
particles  or  pebbles  vary  from  the  size  of  a  pea  to  that  of  a  hen's  egg. 
There  are  many  varieties,  according  to  the  nature  of  the  rocks  from  which 
these  may  be  derived,  as  flint-gravel,  quartz-gravel,  &c. 

ShingU  is  the  geological  term  for  water* worn  rock-fragments  larger  and 
less  rounded  than  those  of  gravel.  Shingle  beaches  are  common  on  the 
more  exposed  portions  of  sea-coasts. 

Rvihle  is  a  convenient  and  expressive  term,  applicable  to  accumulations 
of  angular  rock-fragments  indiscriminately  thrown  together,  and  such  as 
may  arise  from  river-floods,  ice-drift,  or  the  action  of  frost  on  cliffs  and 
precipices. 

Boulder  is  a  term  applied  to  the  larger  water- worn  blocks  of  stone  found 
on  the  soil  or  amid  the  superficial  material.  They  usually  owe  their  origin 
to  the  ice-drifts  of  the  glacial  period,  but  occasionally  also  to  wave-action, 
as  the  *'  Boulder  Beach  "  of  Appledore. 

Block  is  the  term  applied  to  the  more  angular  masses ;  hence  such  phrases 
as  *'  blocks  and  boulders,"  "  perched  blocks,"  &c. 

Sandstone  ia  simply  consolidated  sand,  the  particles  having  been  com- 
pacted by  pressure,  or  cemented  together  by  lime,  clay,  iron-oxide,  or  other 
materiaL 

Grit  is  the  term  applied  to  a  sand-rock,  when  the  particles  are  hard  and 
irregular — that  is,  "  sharper  "  than  in  ordinary  sandstones. 

Conglomerates  (sometimes  termed  Pudding-stones)  are  aggregates  of  gravel 
and  pebbles  of  all  sizes — in  other  words,  consolidated  gravel.  According 
to  the  size  of  the  fragments,  geologists  speak  of  *'  pebbly  conglomerates" 
and  "bouldery  conglomerates." 

Breccias  (Ital.  breccia,  a  crumb),  are  agglutinations  of  angular  fragments, 
which  have  not  suffered  attrition,  as  the  pebbles  in  conglomerates. 

'Si'    .i!-|t  ^ 
{Argilla/ieotis  or  Clayey  Rocks.)  '^  ■,  ^i^/  ,  X'/ 

Clay  is  a  fine  impalpable  sediment  from  water,  and  consists  wholly,  or 
almost  so,  of  alumino-silicious  particles.  It  is  usually  tough  and  plastic, 
and  is  of  various  colours,  according  to  the  presence  or  absence  of  organic 
matter  and  metallic  oxides. 

Fire-day  is  a  variety  usually  obtained  from  the  coal  formation,  and  so 
called  firom  its  power  of  resisting  the  strongest  action  of  heat— a  property 
it  acquires  from  its  freedom  from  alkaline  earths,  such  as  soda,  potash, 
and  lime. 

Fullers*  Clay  or  Earth  is  a  hydrous  silicate  of  alumina,  employed,  from 
its  absorbent  nature,  in  the  scouring  or  fulling  of  greasy  woollens ;  hence 
the  name. 

Mud  is  the  familiar  as  well  as  technical  term  for  the  fine  impalpable 
matter  worn  and  borne  down  by  water,  and  deposited  in  seas,  lakes,  and 
estuaries.    It  is  often  a  very  miscellaneous  admixture,  ]^actV^  oil  ismy^^c^ 
and  partly  of  vegetable  and  animal  origin. 
SUt  is  the  general  term  for  the  miscellaneous  mattex  dcposi^^  \si\si2!K*», 
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estuaries,  bays,  river-reaches,  and  other  still  waters.    It  may  consist  of 
intermingled  mud,  clay,  and  sand,  or  of  distinct  layers  of  these. 

Sh4ile  is  merely  consolidated  mud,  assuming  a  structure  less  or  more 
laminated,  and  very  variable,  of  course,  in  composition. 

MvdsUme  is  a  convenient  term  employed  by  geologists  to  designate  an 
earthy  clayey  rock,  void  of  shaly  lamination,  and  often  of  compact  and 
homogeneous  texture. 

SUUe  is  often  applied  indiscriminately  to  all  hard,  laminated,  argillaceous 
i  rocks,  that  can  be  readily  split  up  ;  hence  slaty  sandstone,  mica-slate,  clay- 
■  MaSate,  &c.    It  would  be  better,  however,  to  restrict  the  name  to  the  clay- 
slates  or  foofing-6lates  which  have  a  definite  cleavage. 

ClafsUme,  the  name  applied  by  the  older  mineralogists  to  the  softer  and 
earthy  varieties  of  felstone,  and  now  almost  obsolete. 

{Calcareous  or  Limy  Rocks,) 

Limestone  is  the  general  term  for  all  rocks,  the  basis  of  which  is  car- 
bonate of  lime — that  is,  lime  in  imion  with  carbonic  acid.  Calcareous 
rocks  are  all  less  or  more  acted  upon  by  the  ordinary  acids,  effervescing 
on  the  application  of  these  liquids. 

Marble  is  an  architectural  rather  than  a  geological  term,  and  is  applied 
to  the  compact,  crystalline,  mottled,  and  veined  varieties  of  limestone 
susceptible  of  a  fine  polish. 

ChaUc  is  a  familiar  as  well  as  a  technical  term  for  the  softer  and  earthier 
varieties  of  limestone.    The  chalks  appear  in  various  colours. 

CaXc'tuff  and  Calc-sinter  are  precipitates  or  deposits  from  calcareous 
waters,  and  appear  as  porous,  incrusting,  stalactitic,  and  stalagmitic  masses. 

Marl  is  a  loose  application  for  all  friable  compounds  of  lime  and  clay. 
The  marls  of  fresh- water  lakes  are  spoken  of  as  *'  clay-marls,"  "marl- 
clays,"  and  ''shell-marls,"  as  one  or  other  ingredient  predominates. 

Oypsum  is  a  sulphate  of  lime,  which  when  calcined  forms  the  well-known 
plaster  of  Paris  or  stucco.  It  occurs  massive-crystalline,  granular,  or 
fibrous,  and  when  crystallised  is  known  as  selenite. 

Alabaster  is  the  term  applied  to  fine  translucent  varieties  of  carbonate  of 
lime  and  of  sulphate  of  lime,  the  former  being  known  as  calcareous,  and 
the  latter  as  gypseous,  alabaster. 

Magnesian  Limestone  is  a  compound  of  carbonate  of  magnesia  and  car- 
bonate of  lime :  but  as  many  limestones  contain  a  small  portion  of  mag- 
nesia, the  term  is  generally  restricted  to  those  containing  from  18  or  20 
per  cent  and  upwards. 

Dolomite  (after  the  French  geologist  Dolonueu)  is  a  granular  or  crystal- 
line variety  of  magnesian  limestone. 

{Silicums  or  Flinty  Rocks.) 

QuartZy  properly  speaking,  is  pure  silica ;  rock-crystal  is  the  name  given 
to  clear,  transparent,  crystallised  varieties ;  and  coloured  varieties  are 
known  as  amethyst,  caimgo^'m,  topaz,  &c. 

QiMrtz^ock  is  massive  quartz  of  various  colours,  and  occurs  in  veins  or 
stratiform  masses. 
QuartzUe  is  the  term  applied  to  granular  varieties,  and  to  sandstones 
apparoDtly  reconverted  by  heat  or  chemical  ckasi^^  Vii\ft  c^aAx\A. 
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Jasper y  Agate,  CameUan,  ffomttone,  Lydian  stone,  &c.,  are  compact 
silicious  rocks  and  mineraLs  of  various  colours^  exhibiting  smooth  or  con- 
choidal  fractures. 

Flint  is  nodules  of  impure  silica  of  variou  colours,  and  usually  found  in 
chalk  and  limestone  strata. 

Ckert  is  the  name  given  to  highly  silicious  limestones  or  admixtures  of 
flint  and  limestone,  and  occurs  in  concretions,  nodules,  and  rock-masses. 

Calcedony,  Opal,  SUiciouasiHter,  kc,  are  silicious  minerals,  generally 
produced  by  infiltration  of  water  holding  silica  in  solution,  and  appearing 
as  incrustations  of  greater  or  less  thickness. 

{Carbonaceous  and  Bituminous  Rocks,) 

Coal  is  a  well-known  substance,  and  may  be  briefly  described  as  miner- 
alised vegetable  matter,  containing  more  or  less  of  earthy  impurities.  It 
occurs  in  many  varieties,  as  caking  or  coking  coal,  splint  or  slaty  coal, 
cubic  or  rough  coal,  cannel-coal,  &c.,  which  are  all  bituminous,  giving  off 
smoke  and  flame  in  burning. 

I/ignite,  also  known  as  wood-coal,  board-coal,  and  brown  coal,  is  a  vari- 
ety of  recent  formation,  and  in  which  the  woody  stnicture  is  still  apparent. 
Indeed,  the  transition  from  peat  to  lignite,  from  lignite  to  coal,  and  from 
coal  to  anthracite,  is  often  so  apparent,  that  there  can  be  no  doubt  that  they 
are  all  merely  vegetable  masses  in  different  stages  of  mineralisation. 

Jet  is  a  compact,  lustrous  variety  of  coal,  susceptible  of  a  high  polish, 
and  on  that  account  usually  worked  into  personal  ornaments. 

Graphite  (familiarly  known  as  plumbago  and  black-lead,  from  its  appear- 
ance, though  entirely  devoid  of  lead)  is  almost  pure  carbon,  containing 
only  slight  traces  of  iron  and  earthy  impurities. 

AiUhracite  or  stone-coal,  a  non-bituminous  variety,  which  bums  without 
smoke  or  flame,  its  volatile  matter  having  been  discharged  by  some  process 
of  natural  distillation. 

BUunun  is  an  inflammable  mineral  substance  (hydrocarbon),  found  either 
in  a  free  or  in  a  combined  state.  As  free  bitumen,  it  occurs  limpid,  as  naph- 
tha ;  liquid,  as  petroleum  or  rock-oil ;  slaggy,  as  mdliha  or  mineral  pitch ; 
and  solid,  as  asphalt.  It  can  be  discharged  from  coals,  coaly  shales,  and  other 
substances,  by  the  application  of  heat ;  hence  such  substances  are  said  to 
be  *'  bituminous,"  or  more  properly  **  bituminiferous.*' 

{Salinas  or  Salt-like  Rocks,) 

Common  Salt  (chloride  of  sodium)  is  found  in  incrustations  in  desiccated 
sea-beaches,  and  in  the  sites  of  dried-up  salt-lakes.  It  occurs  abundantly 
in  the  solid  crust  as  rock-salt,  and  is  held  in  solution  by  all  sea- water  and 
brine  springs. 

Nitrates  of  Soda  and  Potash  (natron,  trona,  saltpetre,  &c.)  occur  as  in- 
crustations and  efflorescences  in  many  plains,  marshes,  and  lakes  in  hot 
countries.  Such  deposits  or  salinas  are  often  of  considerable  thickness 
and  extent. 

Alum  (sulphate  of  alumina  and  potash),  though  chiefly  extracted  f<^t 
commercial  purposes  from  certain  shales  and  scbiBtB,  ia  &\ao  io>3Ji<^Sxii^a^?QS!^ 
in  the  saline  or  eryatallised  state. 
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Borax  (borate  of  soda),  another  saline  product,  boracio  acid  being  abun- 
dantly discharged  by  the  thermal  springs  of  some  volcanic  regions. 

Borate  of  Lime,  another  saline  substance  occurring  in  nodules,  having  3 
radiated  internal  texture,  is  a  product  of  salinas,  such  as  those  of  Bolivia 
and  Peru. 

Sulphur  is  found  massive  and  in  crystals  in  almost  all  volcanic  districts. 
It  is  also  found  largely  in  combination  with  many  of  the  earths  and  metals. 

{Simple  Minerals  and  their  Rock  Compounds.) 

Felspar  (a  chemical  admixture  of  silica,  alumina,  and  potash  or  soda)  is 
a  softer  mineral  than  quartz.  The  larger  and  softer  crystals  occurring  in 
granite  are  of  felspar ;  they  can  be  scratched  by  the  knife  when  quartz 
resists  it,  and  can  also  be  distinguished  by  the  flat  glassy  aspect  of  their 
cleavage. 

Compact  Felspar f  Felstone,  or  Felsite,  is  a  massive,  amorphous,  felspathic 
rock,  forming  dykes  and  mountain-masses. 

Porphyry  and  Fdspar  Porphyry  are  rocks  mainly  composed  of  compact 
felspar,  with  interspersed  crystals  of  felspar. 

Mica  (Lat.  mico,  I  glisten)  is  a  soft,  sectile  mineral,  readily  splitting  up 
into  thin  transparent  plates,  and  is  a  chemical  compound  of  silica,  mag- 
nesia, and  potash.  The  glistening  scaly  crystals  in  ordinary  granites  are 
mica. 

Mica-schist  and  Mica-slate  are  schistose  or  slaty  rocks,  largely  composed 
of  micaceous  particles — the  former  splitting  irregularly,  the  latter  with 
greater  flatness  and  regularity. 

Hornblende,  Hornblende-rock,  HomJblende-schist. — As  a  mineral,  horn- 
blende is  of  a  dark  or  dark-green  colour,  with  a  homy  glistening  lustre 
(hence  the  name),  and  occurs  largely  as  a  constituent  of  certain  greenstones 
and  granites.  When  massive,  it  constitutes  hornblende-rock ;  when  fis- 
sile, hornblende-schist. 

Hypersihene  is  a  greenish-black  or  greenish-grey  mineral,  having  some- 
what of  a  metallic  lustre,  nearly  allied  to  hornblende,  and  occurring  largely 
in  igneous  rocks,  or  forming  independent  rock-masses. 

Actynolite  (6r.  actin,  a  thorn),  another  mineral  closely  allied  to  horn- 
blende, of  a  glassy  lustre,  and  deriving  its  name  from  the  thorn-like  shape 
and  disposition  of  its  crystals.  It  occurs  massive,  as  Actynolite^ock — and 
fissile,  as  Actynolite-slate. 

Augitef  a  black  and  harder  nuneral  than  hornblende,  forming  the  princi- 
pal constituent  of  the  basalts  and  clinkstones. 

Asbestos  or  AmianthitSf  so  well  known  from  its  fine  fibrous  texture,  may 
be  regarded  as  a  variety  of  actynolite.  It  occurs  in  flexible  fibres,  in  rigid 
masses,  and  in  tough  aggregates  known  as  ''  mountain  wood,"  *'  mountain 
cork,"  "  mountain  leather,"  &c.,  from  its  resemblances  to  these  substances. 

Chlorite  (Gr.  chloros,  greenish-yellow)  is  a  mineral  of  a  greenish  hue,  and 
generally  of  a  foliated  texture,  in  which  condition  it  forms  the  principal 
ingredient  in  the  rocks  known  as  cJUorite-slate  and  chlorite-schist. 

Talc,  a  whitish-green  magnesian  mineral,  closely  allied  to  and  resembling 

mica.    It  is  transparent  in  thin  plates,  but  is  generally  massive,  sectile, 

soft,  and  non-elastic.    It  enters  largely  into  the  earlier  schists,  known  as 

ialc-schists  and  talcose-schists. 

StecUiie,  Stea-schist,  Soapstone^  Potstoue. — kliTo^V&^oi^itaAnixig  steatite. 
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'Which  may  be  regarded  as  a  variety  of  talc,  have  a  greasy  or  soapy  feel, 
lience  the  name,  from  stear,  fat  or  grease.  Some  from  this  feel  are  termed 
soapstone  ;  others,  from  their  sectility  and  power  of  resisting  heat,  are  known 

and  used  as  Potstones, 
Serpentine,  so  called  from  its  variegated  or  mottled  hues,  like  the  skin 

of  a  serpent,  is  one  of  the  magnesian  rocks,  occurring  largely  in  primitive 

district^  and  employed  as  an  ornamental  stone. 

(Igneous  or  Pyrogenonia  Rocks.) 

Granite  and  Syenite, — Ordinary  granite  is  a  granular-crystalline  com- 
pound of  quartz,  felspar,  and  mica,  and  variously  coloured  from  t^e  presence 
of  iron  in  the  felspar,  or  from  the  hues  of  the  mica.  There  are  many  vari- 
eties of  granite,  differing  in  size  of  grain,  colour,  and  compactness.  When 
hornblende  takes  the  place  of  mica,  or  when  present  in  addition,  the  rock 
18  usually  known  as  Syenite,  from  Syene  in  Upper  Egypt,  where  it  was 
early  quarried. 

Trap 'Rocks  (from  Swedish  trappa,  a  stair,  owing  to  the  step -like  or 
terraciform  aspect  they  give  to  the  hills  composed  of  them)  include  a  great 
variety  of  igneous  rocks  all  less  crystalline  than  the  granitic,  and  all  more 
compact  and  less  vesicular  than  volcanic  products.  These  are  the  basalts, 
clinkstones,  greenstones,  felstones,  pitchstones,  amygdaloids,  tuffs,  and 
ashy  agglomerates. 

The  baaaltt,  clinkstones,  and  greenstones  are  generally  hard,  close-grained, 
sub-crystalline  rocks,  often  assuming  columnar  and  sub-columnar  structures. 
They  consist  of  varying  admixtures  of  felspar,  augite,  and  hornblende.  The 
fdstones,  amygdaloids,  and  trap-tuffs  are  softer  and  less  crystalline  rocks — 
the  felstones  compact  or  earthy ;  the  amygdaloids  having  their  vesicular 
cavities  filled  with  agate,  camelian,  calc-spar,  &c. ;  and  the  tufas  evidently 
consolidated  ejections  of  dust  and  ashes. 

The  Volca/nic  Rocks  consist  of  lavas,  obsidians,  pumice,  scoriso,  ashes, 
lapilli,  sulphurous  muds,  &c.^  and  occur,  according  to  their  age,  from  rocks 
differing  little  from  greenstones  and  basalts  to  loose  accumulations  of  dust 
and  cinders. 

The  Trachytes  are  rough  -  grained  (Gr.  trachys,  rough)  subcrystalline 
varieties  of  felspathic  lava. 

The  Lavas  proper  occur  in  many  varieties—porous,  vesicular,  compact, 
basaltic,  sub-crystalline  ;  glassy,  as  obsidian — and  light  and  cellular,  with 
silky-fibrous  texture,  aa  pumice, 

ScoricB,  lapilli,  bombs,  dust,  sand,  &c,,  are  the  familiar  names  for  the 
loose  and  fragmentary  ejections. 

{The  Metallic  Group.) 

The  metals  are  found  either  native— XhaX  is,  in  a  pure  state — or  combined 
with  mineral  matter  in  the  state  of  ores.  Gold,  silver,  platinum,  copper, 
and  one  or  two  others,  are  found  native  in  nuggets,  pellets,  plates,  and 
thread-like  branches ;  the  majority  of  the  metals  occur  as  ores— that  is,  as 
oxides,  sulphides,  carbonates,  &c.,  and  are  readily  distinguished  from 
ordinary  stones  by  their  greater  weight  and  peculiar  lustre  (m>etaUic  lustre). 
Most  of  these  ores  are  found  in  veins  associated  with  sparry  mattoc,  «s^ 
calc-spar,  fluor-spar,  quartz,  baryta,  &c.,  which  form  the  \emB\jQna6,  ^\!k!^<fe, 
or  matrix  ;  a  few  only  occur  aa  stratified  deposits. 
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NOTE,  EECAPITULATORY  AND  EXPLANATOKY. 

93.  In  the  preceding  chapter  we  have  endeavoured  to  explain 
the  composition  and  characteristics  of  the  principal  rock-masses; 
that  is,  the  modes  in  which  they  are  piled  up  or  aggregated, 
and  the  mineral  elements  which  enter  into  their  constitution. 
A  knowledge  of  such  characteristics  is  indispensable  to  the 
comprehension  of  their  origin  and  formation ;  and  the  terms 
employed  to  express  these  characteristics  must  be  mastered 
before  we  can  hope  to  understand,  or  make  ourselves  under- 
stood by,  our  fellow-geologists.  The  structure  and  texture  of 
rocks,  whether  of  aqueous  or  of  igneous  origin,  are  distinguished 
by  a  variety  of  terms  expressive  of  their  appearance  as  they 
occur  in  the  crust,  or  when  broken  up  by  the  hammer.  Thus, 
the  layers  of  the  stratified  rocks  are  spoken  of  as  strata,  beds, 
seams,  bands,  flags,  slates,  and  schists,  according  to  their  thick- 
ness ;  while  the  unstratified  occur  as  columnar,  sub-columnar, 
tabular,  massive,  and  amorphous.  As  to  the  texture  of  rocks, 
it  is  extremely  varied,  and  is  defined  by  such  obvious  terms 
as  earthy,  compact,  crystalline,  saccharoid,  granular,  oolitic, 
porous,  vesicular,  and  the  like.  The  composition  of  rocks,  we 
have  seen,  may  be  viewed  either  in  a  chemical  or  in  a  miner- 
alogical  light ;  but,  in  whatever  light  it  may  be  viewed,  it  is 
enough  for  the  beginner  to  be  able  to  distinguish,  at  sight,  such 
ordinary  rocks,  and  their  varieties,  as  sandstone,  conglomerate, 
shale,  cky-slate,  limestone,  chalk,  gypsum,  rock-salt,  coal,  quartz, 
mica,  felspar,  granite,  prophyry,  gneiss,  greenstone,  basalt,  trap- 
tuff,  lava,  and  a  few  of  the  ores  of  the  more  abundant  metals. 
He  should  also  early  accustom  himself  to  describe  and  name 
the  varieties  according  to  their  most  obvious  or  main  in- 
gredient. Thus  we  have  not  only  sandstones,  limestones,  and 
shales,  but  we  may  have  an  argillaceous  sandstone,  a  silicious 
limestone,  and  a  calcareous  shale ;  or,  still  more  minutely,  an 
argillo-calcareous  sandstone,  an  argillo-bituminous  limestone, 
and  a  calcareo-arenaceous  shale. 

94.  To  be  able  to  distinguish  the  ordinary  rocks  which  occur 
in  our  own  cliffs  and  quarries  is  enough,  we  have  said,  for  the 
purposes  of  the  beginner ;  but  he  who  has  made  some  progress 
in  the  science  will  at  once  see  the  importance  of  more  minute 
mineral  and  chemical  distinctions.  The  presence  of  some 
peculiar  mineral,  for  instance,  may  often  help  us  to  identify 
strata,  very  widely  separated,  or  to  trace  some  ice-drifted  boul- 

der  to  its  parent  cliff  when  no  ot\iet  ^id  ia  available.     The 
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prevalence  of  some  peculiar  pebble  in  a  conglomerate — and 
this  peculiarity  depending,  it  may  be,  on  the  presence  of  some 
accidental  mineral — may  lead  us  to  infer  with  certainty 
whether  such  conglomerate  was  derived  from  the  waste  of 
rocks  existing  in  the  region  where  it  occurs,  or  had  been  borne 
from  remote  and  unknown  continents.  And  as  it  happens 
that  all  the  crystalline  rocks  derive  their  names  and  distinc- 
tions from  their  mineral  composition,  it  must  be  evident  that 
the  geological  attainments  of  him  who  knows  little  of  mineral- 
ogy will  be  limited  and  uncertain  compared  with  those  of  the 
practised  mineralogist. 

95.  Again,  since  every  mineral  has  its  own  chemical  compo- 
sition, and  the  combinations  and  decompositions  of  chemical 
elements  are  governed  by  fixed  and  known  laws,  the  student 
who  has  a  knowledge  of  these  laws  will  be  better  able  to 
account  for  phenomena,  and  to  say  what  is  possible  or  impos- 
sible, than  he  who  has  no  such  knowledge  to  guide  him.     To 
take  a  few  obvious  examples :  crystals  of  gypsum  (selenite) 
occur  abundantly  in  certain  tertiary  clays,  and  are  forming,  it 
may  be,  at  the  present  moment.     How  is  this  1    These  clays, 
it  is  found  on  examination,  contain  carbonate  of  lime,  and 
solphuret  of  iron  round  some  organic  nucleus ;  and  through 
the  percolation  of  carbonated  waters  a  decomposition  of  these 
ingredients  takes  place,  sulphuric  acid  is  generated,  and,  uniting 
with  the  lime,  forms  a  new  compound,  gypsum  or  sulphate  of 
lime.     Again,  we  know  that  silica  is  held  in  solution  by  many 
thermal  waters,  like  the  geysers  of  Iceland ;  and  knowing  this 
fact,  we  can  account  for  the  presence  of  quartz-veins  in  many 
rocks,  geodes  of  agate  in  traps,  and  of  other  similar  pheno- 
mena, without  having  recourse  to  any  impossible  theory  of 
igneous  agency.    Quartz  or  silex  by  itself  is  a  most  intractable 
and  refractory  substance ;  while,  in  combination  with  a  little 
potash  or  soda,  it  is  readily  fused,  and,  on  cooling,  forms  a 
glass,  slag,  or  granular  rock,  according  to  the  rapidity  or  slow- 
ness with  which  it  is  cooled.    Knowing  the  greater  affinity  that 
certain  substances  have  for  others,  their  degree  of  fusibility, 
their  power  of  retaining  and  parting  with  heat,  their  mutual 
decompositions  and  reunions — in  fact,  knowing  more  or  less 
their  whole  chemical  relations,  and  the  influence  of  physical 
conditions,  such  as  pressure,  &c.,  on  these  relations — ^we  enter 
Jipon  the  investigation  of  geological  problems  with  an  unerr- 
iig  light  for  our  guidance — a  light  without  which  many  of 
these  investigations  would  be  impossible,  and  muc\i  oi  ^t^c^a^ 
little  better  Sian  Ingenious  guess-work. 
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96.  In  following  out  his  researclies  on  the  mineral  and 
chemical  constitution  of  rocks — and,  above  all,  learning  to  dis- 
criminate by  external  aspect — the  student,  as  already  hinted, 
cannot  do  better  than  examine  with  the  eye  and  eye-glass  the 
specimens  in  some  well-arranged  and  properly-labelled  collec- 
tion. There  is  always  some  external  characteristic  of  fracture, 
cleavage,  lustre,  colour,  hardness,  and  so  forth,  sufficiently 
persistent  to  guide  the  observer;  and  it  is  astonishing  how 
readily  and  accurately  an  attentive  eye  learns  to  appreciate 
such  distinctions.  Where  book  assistance  is  wanted,  the  Eng- 
lish edition  by  Lawrence  of  Cottars  *  Kocks  Classified  and  De- 
scribed j'  Professor  James  NicoFs  *  Manual  of  Mineralogy,*  and 
Bristow's  *  Glossary  of  Mineralogy,*  both  of  which  bring  up  to 
a  recent  date  the  synonyms  and  analyses  of  European  miner- 
alogists; and  Professor  Dana's  *  System  of  Mineralogy,'  either 
in  the  abridged  or  extended  form,  will  supply  the  inquiring 
student  with  all  (and  unfortunately  with  a  great  deal  more 
than  all)  he  is  ever  likely  to  require.  Where  the  chemical 
actions  and  reactions  that  take  place  among  rock-masses  are 
more  immediately  concerned,  the  *  Chemical,  Physical,  and 
Geological  Eesearches '  of  Professor  Bischofif,  the  *  Geological 
and  Chemical  Essays  *  of  Dr  Sterry  Hunt,  and  the  papers  of 
Delesse  and  Deville  in  the  scientific  journals,  will  be  found  to 
render  at  once  the  most  ample  and  available  assistance. 
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CLASSIFICATION  OF  THE  MATEBIALS  COMPOSING  THE  EABTH'S 
CKUST  INTO  SYSTEMS,   GEOUPS,   AND   SEKIES. 

97.  To  arrive  at  a  knowledge  of  the  past  aspects  and  con- 
ditions of  the  globe,  it  is  necessary  to  do  something  more 
than  examine  the  mere  mineral  constituents  of  its  masses. 
These  of  themselves  tell  little  imless  studied  in  connection 
with  their  fossils,  their  order  of  superposition,  and   other 
stratigraphical  relations.     It  is  by  such  an  investigation  that 
we  are  enabled  to  determine  the  relative  ages  of  strata,  to 
judge  whether  they  were  deposited  in  lakes,  in  estuaries, 
or  in  seas,  and  to  say  what  kind   of  plants   and  animals 
flourished  during  the  time  of  their  formation.     At  the  present 
day,  the  layers  of  mud,  clay,  sand,  and  gravel  depositing  in 
tropical  estuaries  and  seas,  will  contain  less  or  more  the  re- 
niains  of  plants  and  animals  peculiar  to  the  tropics;   the 
deposits  forming  in  temperate  regions  will  contain,  in  like 
nianner,  the  remains  of  plants  and  amimals  belonging  to  tem- 
perate climates ;  littoral  or  shore  deposits  (Lat.  litus,  littoris, 
the  sea-shore)  will  contain  shells  differing  from  those  that 
occur  in  the  muds  of  the  deeper  ocean  (pelagic) ;  and  should 
a  time  arrive  when  these  layers  are  converted  into  solid  strata, 
the  fossilised  plants  and  animals  will  become  a  certain  index, 
Dot  only  to  the  nature  of  the  Life  that  then  prevailed,  but 
also  to  the  geographical  conditions  under  which  it  grew  and 
flourished.     As  with  sediments  now  in  progress,  so  with  the 
strata  constituting  the  solid  crust :  the  lowest  must  have  been 
formed  first;   the  series  beneath  must  be  older  than  that 
ahove  it ;  strata  abounding  in  shells,  corals,  and  other  marine 
remains,  must  have  been  deposited  in  the  sea,  while  those 
containing  fresh-water  plants  and  animals  give  evidence  of  a 
lacustrine  or  estuary  origin;  igneous  rocks,  "w^ic^  ^s^-ajc,^ 
and  break  through  any  set  of  strata,  must  \>e  moi^  x^^i^ii^. 
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than  these  strata;  and  if  an- 
other set  of  strata  overlie  these 
igneous  rocks,  then  must  they 
have  been  deposited  in  water 
at  a  period  subsequent  to  the 
igneous  eruptions.  These  and 
similar  propositions  are  so  ap- 
parent, that  the  student  can 
have  little  difficulty  in  com- 
prehending the  principles  upon 
which  geologists  have  proceed- 
ed in  classifying  the  rock-for- 
mations of  the  globe. 

98.  The  principal  guides  to 
chronological  classification  are, 
therefore,  order  of  superpod- 
tion  among  the  strata;  their 
mineral  texture  ;  included  frag- 
merits  of  other  rocks;  and  the 
nature  of  their  embedded  fossils. 
Underlying  strata  are  evidently 
older  than  those  occurring  above 
them ;  older  sediments  will  be 
more  compact  than  those  that 
have  been  recently  deposited; 
strata  including  fragments  of 
other  rocks  must  be  younger 
fchan  those  rocks;  and  gener- 
ally, the  older  any  set  of  strata 
the  more  unlike  are  its  fossils 
to  existing  plants  and  animals. 
The  most  superficial  observer 
must  have  noticed  the  different 
aspects  of  the  rocks  in  different 
districts,  and  a  little  closer  in- 
spection will  enable  him  to  de- 
tect that  one  set  lies  always 
beneath  another  set,  and  that 
while  certain  shells  and  corals 
are  found  in  the  lower  series, 
the  upper  series  may  contain 
only  the  remains  of  terrestrial 
vegetation.  In  other  words, 
he  will  find  sandstones,  con- 
glomerates,  shales,   and  lime- 
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stones,  each  pointing  to  different  agencies  and  conditions  of 
formation.  He  will  find  certain  limestones  or  sandstones 
always  maintaining  a  fixed  position  in  relation  to  the  other 
strata ;  and  he  will,  in  all  probability,  discover  that  while  the 
limestones  are  studded  with  shells  and  fragments  of  corals,  the 
shales  and  sandstones  contain  only  the  impressions  of  leaves, 
branches,  and  trunks  of  trees.  It  is  by  this  kind  of  testimony 
— ^viz.,  superposition,  mineral  character,  and  fossil  contents — 
that  the  geologist  is  enabled  to  decipher  the  history  of  the 
earth's  crust ;  and,  as  the  student  will  afterwards  find,  every 
peculiarity  of  texture  and  structure,  every  lamina  of  stratum, 
every  ripple-mark  and  impression  on  its  surface,  tells  some 
important  tale  of  the  past;  while  a  solitary  tooth,  the  frag- 
ment of  a  bone,  a  microscopic  sheU,  or  the  drifted  frond  of  a 
fern — ay,  even  the  minutest  spine  and  punctures  on  these — 
will  enable  him  to  decide  with  certainty  as  to  conditions  of 
sea  and  land,  estuary  or  ocean-bed,  a  cold  boreal  climate,  or 
one  of  tropical  temperature. 

99.  Thus,  in  sinking  a  shaft  in  the  neighbourhood  of 
London,  we  would  pass  through  thick  beds  of  soft  plastic 
clay,  layers  of  sand,  and  strata  of  water- worn  flint  gravel ;  at 
Cambridge  we  should  pass  through  strata  of  chalk ;  in  the 
east  of  Yorkshire,  through  strata  of  fine-grained  sandstones, 
and  soft  yellowish  limestones,  called  oolite;  at  Newcastle, 
through  strata  of  shale,  coal,  and  coarse-grained  sandstones; 
in  Forfarshire,  through  strata  of  red  and  greyish  sandstones 
and  conglomerates ;  while  on  the  flanks  of  the  Grampians,  we 
would  pass  through  beds  of  roofing-slate  and  hard  crystalline 
schists.  On  a  minuter  inspection  of  these  strata,  we  should 
find  that  one  series  lay  beneath,  or  was  older  than,  another 
series — that  the  chalk,  for  example,  lay  beneath  the  clays  of 
London ;  that  the  yellow  limestones  of  York  lay  beneath  the 
chalk ;  that  the  coals  of  Newcastle  were  deeper  seated  than 
the  oolites  of  York ;  and  the  red  sandstones  of  Forfar  still 
deeper  than  the  coal-bearing  strata.  Further,  when  we  began 
to  examine  the  fossil  contents  of  these  different  strata,  we 
should  find  each  set  characterised  by  peculiar  plants  and 
animals — some  containing  marine  shells  and  corals,  some  the 
remains  of  large  reptiles  and  fishes,  and  others  replete  with 
the 'debris  of  terrestrial  vegetation.  By  these  methods  we 
would  soon  be  enabled  to  identify  the  chalk  strata  of  Cam- 
bridge with  those  of  Kent,  the  oolites  of  York  with  those  of 
Bath,  the  coal-measures  of  Newcastle  with  thoae  neat  (aX-aj&^Q^, 
and  the  slates  of  the  iScottish  Highlands  "wi^ik  \5cio^^  q^ 
Cumberland  and  Wales.      As   with  the   rocks  oi  ^xvXaasv, 
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SO  with  those  of  every  country  investigated  by  geologists.; 
and  thus  they  have  been  enabled  to  arrive  at  a  pretty  accurate 
classification  of  the  stratified  rocks,  both  in  point  of  time  and 
mineral  character. 

Progress  of  Geological  Classification. 

100.  Without  entering  minutely  into  the  history  or  pro- 
gressive steps  of  this  chronological  classification,  it  is  necessary 
to  draw  attention  to  several  of  its  features,  as  these  are  still 
retained  in  geological  nomenclature,  and  more  or  less  influence 
our  ideas  of  succession  and  arrangement  The  earlier  history 
of  geology  is  more  curious  than  instructive,  for  it  was  long 
before  correct  notions  were  arrived  at,  either  of  the  vast 
antiquity  of  our  earth,  of  the  numerous  phases  its  superficial 
crust  has  assumed,  or  of  the  successive  races  of  plants  and 
animals  that  had  peopled  its  lands  and  waters.  The  first 
permanent  division  of  rock-masses  was  that  made  by  Leibnitz 
in  1680,  when  he  divided  them  into  stratified  and  unstratified 
— the  former  the  products  of  deposition  in  water,  the  latter 
the  results  of  igneous  fusion.  A  little  before  his  time  (1669) 
Steno  had  introduced  the  terms  primary  and  secondary — ^the 
former  embracing  all  rocks  void  of  fossil  remains,  and,  as  he 
supposed,  contemporaneous  with  the  creation  of  the  earth  it- 
self ;  the  latter,  those  that  were  f ossilif erous  and  formed  since 
that  period  by  the  waste  and  wear  of  the  primary  rocks. 
This  idea  was  taken  up  by  Lister,  Hooke,  Fuschel,  and  others, 
and  various  subdivisions  proposed — partly  from  the  com- 
position of  the  secondary  rocks  themselves,  and  partly  from 
the  diflferent  fossils  they  contained.  Little  or  nothing  of  these 
subdivisions  are  now  retained ;  and  perhaps  the  most  definite 
was  that  of  Lehmann  (1756),  who  added  a  third  grand  division 
to  those  proposed  by  Steno,  thus — 

Local — Partial  and  local  in  different  regions. 

Secondary — General,  and  containing  fossils  different  from  plants  and 

animals  now  existing. 
Primary — Universal,  and  devoid  of  fossils. 

The  next  important  advance  was  that  made,  in  1775,  by 
Werner,  who,  finding  in  many  of  the  so-called  primitive  rocks 
distinct  evidences  of  a  stratified  or  mechanical  origin,  as  well 
as  traces  of  fossils,  proposed  to  subdivide  them  into  primary 
and  transition.  This  arrangement,  as  well  as  the  more  exact 
ideas  be  attached  to  the  teims  geeorvdary  and  local,  were  at 
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once  adopted  by  his  contemporaries,  and  continue  to  influence, 
more  or  less,  our  schemes  of  classification  up  to  the  present 
day.  His  scheme,  briefly  viewed,  may  be  tabulated  as 
follows : — 

Alluvial — Local  and  superficial  accumulations  of  sand,  clay,  gravel 
peat-mosS;  and  the  like. 

Floetz  (flat-lying) — Secondary  or  fossiliferous  strata  of  sandstone,  lime- 
stone, gypsum,  chalk,  coal,  &c. 

Transition — Crystalline  limestone,  greywack^,  clay-slate,  &c.,  partially 
fossiliferous. 

PRDIABY — Of  crystalline  origin,  and  devoid  of  oi^anic  remains. 

Such  was  geological  classification  till  about  the  beginning  of 
the  present  century:  nor  were  these  views  of  arrangement 
arrived  at  without  a  great  deal  of  controversy  and  opposition. 
It  was  then  that  the  battles  of  opinion  were  fought  between 
CosTtiogonists,  Dilumalists,  and  Foasilists — the  first  building 
up  crude  theories  of  the  universe  on  a  slender  basis  of  facts ; 
the  second  ascribing  every  phenomenon  in  the  earth's  crust  to 
the  operation  of  the  Noachian  deluge;  while  the  last  con- 
tended, on  fossil  evidence,  for  the  long  continuance  of  the 
agencies  now  productive  of  change  on  the  face  of  the  globe. 
During  this  time,  also,  the  Wemerians  or  Neptunists  con- 
tended strenuously  for  the  aqueous  origin  of  all  the  old  rock- 
formations  ;  while  the  ffvttonians  or  VtUcanistSf  in  op'position, 
advocated  an  igneous  and  eruptive  origin  for  the  traps,  basalts, 
greenstones,  and  granites.     These  schools  and  controversies 
have  long  since  passed  away;  and  though  it  is  sometimes 
said  that  every  word  on  geology,  previous  to  the  present 
century,  might  be  obliterated  without  causing  much  incon- 
venience to  its  present  cultivators,  still  the  language  of  the 
science  is  so  impregnated  with  technicalities,  as  well  as  in 
some  measure  with  modes  of  thought,  derived  from  these 
early  schools,  that  there  can  be  no  intelligent  progress  with- 
out some  acquaintance  with  their  history. 

101.  About  the  beginning  of  the  present  century,  William 
Smith,  "  the  father  of  English  geology,"  some  of  the  founders 
of  the  London  Geological  Society  (1809),  Saussure,  Cuvier, 
and  others,  began  to  proceed  upon  more  philosophical  methods. 
Oroup  after  group  of  strata  was  examined,  sectionised,  and 
mapped,  not  according  to  mineral  composition  alone,  but  ac- 
cording to  order  of  superposition,  and,  above  all,  according  to 
their* distinctive  fossil  contents.  The  motto  an^  Taa.iaiCL'^^a 
then  to  examine  and  compare,  collect  and  deacx&e  id.cX^  ^xA 
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to  accept  all  hypotheses  and  generalisations  as  mere  provi- 
sional aids  and  expedients.  Proceeding  upon  this  method, 
new  subdivisions  and  arrangements  were  proposed  by  several 
investigators ;  but  few  met  with  acceptance,  and  the  following 
modification  of  Werner's  scheme  continued  for  many  years 
(from  1790  to  1820)  to  give  direction  and  consistency  to  the 
researches  of  modem  geology : — 

'Recent. — All  superficial  accumnlations,  as  sand,  gravel,  clay,  silt, 
marl,  peat-moss,  coral-reefs,  &c.  Contain  the  remains  of  esksting 
plants  and  animals  only  partially  fossilised,  or  sub-fossU, 

Tertiary.— Local  and  limited  deposits  of  regular  strata  occurring  im- 
mediately above  the  chalk.  Contain  the  remains  of  plants  and  ani- 
mals not  differing  widely  in  character  from  those  now  existing,  but 
many  extinct. 

Secondary. —Embracing  all  the  strata  known  as  chalk,  oolite,  lias, 
|h  j  coal-measures,  mountain  limestone,  and  old  red  sandstone.  Contain 
^  •  fossil  plants  and  animals  of  species  differing  widely  from  those  now 
existing,  and  specifically  whoUy  extinct. 

Transition. — Strata  of  slaty  and  silicious  sandstones,  known  as 
"greywacke,"  calcareous  shales,  and  limestones.  Cmitainfew  or  no 
fossil  plants,  avd  the  remains  of  no  higher  animals  than  Crustacea, 
shell-fishf  and  zoophytes,  all  belonging  to  extinct  species. 

Primary. — All  slaty  and  crystalline  strata — as  roofing-slate,  mica- 
schist,  and  gneiss,  very  hard  and  compact,  and  totally  destitute  of 

.    organic  remains. 

Life-Systems  of  Modem  Geologists. 

102.  By  a  more  extensive  examination  of  the  strata  in  dif- 
ferent countries,  and  especially  by  a  more  minute  investiga- 
tion of  their  fossil  contents,  these  formations  of  the  earHer 
geologists  have  since  been  subdivided  into  systems,  groups, 
and  series.  This  new  arrangement  has  been  founded  either 
on  mineral  or  on  fossil  distinctions — such  differences  being 
sufficient  to  warrant  the  conclusion  that  each  set  of  strata  was 
formed  in  different  areas  of  deposit  during  successive  epochs, 
under  different  distributions  of  sea  and  land,  and  consequently 
under  different  conditions  of  climate  and  other  modifying 
influences.  The  terms  formation,  system,  group,  &c.,  are 
somewhat  loosely  employed  by  geologists ;  but  in  the  succeed- 
ing chapters  we  shall  use  the  term  system  to  signify  any  great 
assemblage  of  strata  that  have  a  number  of  mineral  and  fossil 
characters  in  common,  and  may  thus  be  regarded  as  one  great 
life-epoch ;  the  term  group,  to  denote  any  portion  of  a  system 
marked  by  a  closer  resemblance  of  mineral  and  fossil  charac- 
ter,  and  thus  seemingly  more  local  in  origin  \  the  term  serieSy 
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to  designate  any  portion  of  a  group  which  has  some  very 
marked  character,  either  mineral  or  fossil;  9x^6.  formation,  to 
signify  that  the  strata  of  which  it  is  composed  was  formed  or 
deposited  continuously  in  the  same  water-area,  whether  lacus- 
trine, estuarine,  or  marine.  A  system  may  thus  comprehend 
several  groups,  a  group  several  series,  and  a  series  may  have 
several  distinct  stages  or  horizons  at  which  some  pectdiar  forms 
of.  life  appeared  in  greatest  abundance.  Proceeding  upon  this 
principle,  the  stratSed  rocks,  from  the  superficial  soil  to  the 
lowest  known  depth,  may  be  subdivided  into  the  following 
systems  and  groups : — 

I.  Post-Tertiabt  Ststem,  comprising  all  aUuvial  deposits,  peat- 
mossesy  coral-reefs,  raised  beaches,  and  other  recent  accumulations. 
Itemains  ofplanti  and  animals  belonging  to  species  now  existing,  or 
"  but  recently,  and,  for  the  most  part,  only  locally  extinct. 
II.  Tertiary  System,  embracing  the  "Drift,"  and  all  the  regularly 
stratiiied  clays,  marls,  limestones,  and  lignites,  above  the  Chalk ; 
arranged  into  pleistocene,  pliocene,  miocene^  and  eocene  groups. 
Jtetnains  \of  plants  and  animals  for  the  most  part  belonging  to  ex- 
tinct species,  but  not  differing  widely  from  those  now  existing  in  the 
8am>e  geographical  regions,  save  in  the  huger  and  perhaps  more  varied 
phases  qfm>ammalian  life, 

IIL  Chalk  or  Cbetaceous  System,  embracing  the  chalk  and  green- 
sand  groups.  Remains  qf  plants  and  animals  chiefly  marine,  and 
belonging  to  species  now  extinct 

lY.  Oolitic  System,  comprising  the  wealden  strata^  the  upper  and 
lower  oolite,  and  the  lias.  Itemains  of  plants  and  animals  belonging 
to  genera  most  of  which  are  now  extinct,  the  more  remarkable  being 
huge  reptilia,  aquatic  and  terrestrial,  and  an  exuberant  exhibitiwi 
of  cephalopods  {nautiloid  and  cuttle-fish  forms)  in  molluscan  life. 
V.  Tbiassio  System,  embracing  the  upper  portion— saliferous  marls, 
muschelkalk,  and  variegated  sandstones  —  of  what  was  formerly 
termed  the  "  new  red  sandstone."  Itemains  of  plants  and  animals 
more  closely  allied  to  those  of  the  oolite  system,  above,  than  to  those  qf 
the  carboniferous. 

VI.  Permian  System,  embracing  the  lower  portion — ^magnesian  lime- 
stones and  red  sandstones— of  what  was  formerly  termed  the  "new 
red  sandstone. "  Remains  of  plants  and  animals  very  closely  allied, 
and  often  identical  with  those  qf  the  carboniferous  strata.  At  this 
stage  we  have,  as  yet,  the  first  indications  of  bird  and  mammalian 
life. 

VII.  CABBOiOFERons  SYSTEM,  embracing  the  coal-measures,  the  moun- 
tain limestone,  the  millstone  grit,  and  the  carboniferous  slates. 
Itemains  of  plants  and  animals  abundant — the  distinguishing  fea- 
tures being  an  exuberant  endogenous  vegetation  in  the  coal-measures, 
and  marine  shells,  Crustacea,  and  zoophytes  in  the  mountain  lime- 
stone. As  yet  we  have  few  insects,  coinparativdy  /cuj  Teptxles,  aixA 
9w  indication  0/ birds  or  of  mammals. 
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VIII.  Devonian  System,  or  Old  Red  Sandstone,  embracing  the  yellow 
sandstone,  red  conglomerate,  Devonian  limestones,  and .  grey  flag- 
stone groups.    JRemains  of  plants  few  and  indistinct;  of  zoophytes, 
mollusca,  Crustacea,  and  fishes,  abundant ;  but  a«  yet  no  undovhted 
traces  qf  higher  forms. 
IX.  Silurian  System,  embracing  the  upper  and  lower  Silurian  groups, 
or  the  Ludlow,  Wenlock,  and  Llandeilo  series.    Remains  <^  marine 
plants  few  and  fragmentary  ;  peculiar  zoophytes,  radiata,  mollusca, 
and  cntsta^ea  abundant  in  certain  area^.    Few  fishes  have  yet  been 
discovered,  and  these  chiefly  in  the  upper  strata  a^  developed  near 
Ludlow  in  England. 
X.  Cambrian  System,  embracing  the  upper  and  lower  groups,  and 
consisting  of  hard  sub-crystalline  slates  and  grits.     Remains  of 
Crustacea,  Tnollusca,  and  zoophytes,  with  worm-bv/rrows  and  other 
marine  exuvia. 
XI.  Laurentian   System,  embracing  the  upper  and  lower  groups, 
consisting  of  crystalline  schists,  quartzites,  and  serpentinous  lime- 
stones.    Remains  of  foraminiferal  amd  other  lowly  and  obscure 
organisms. 
XII.  Metamorphio  Rocks,  embracing  the  clay-slate,  mica-schist,  quartz- 
ite,  and  gneiss  groups.    All  hard  and  crystalline  rocks  devoid  of 
fossils, 

103.  Such  are  the  stratified  rocks  when  arranged  in  systems 
and  groups ;  and,  so  far  as  geologists  have  been  enabled  to 
discover,  there  is  no  deviation  from  this  order  of  succession. 
It  must  not  be  supposed,  however,  that  all  these  groups 
are  found  at  any  part  of  the  crust,  lying  one  above  another 
like  the  coats  of  an  onion ;  on  the  contrary,  only  one  or  two 
of  the  groups  may  be  developed,  and  these  very  scantily,  and 
not  in  immediate  succession.  All  that  is  meant  by  order  of 
succession  among  the  stratified  rocks  is,  that  wherever  two  or 
more  systems  come  together,  they  are  never  found  out  of 
place ;  that  is,  the  chalk  is  never  found  beneath  the  oolite, 
oolite  beneath  the  coal,  or  coal  beneath  the  old  red  sandstone. 
In  Fifeshire,  for  example,  the  carboniferous  system  immedi- 
ately overlies  the  old  red  sandstone ;  in  Durham,  the  new  red 
sandstone  overlies  the  coal ;  in  Yorkshire,  the  oolite  overlies 
the  new  red  sandstone,  and  the  chalk  the  oolite  ;  in  Kent,  the 
tertiary  strata  overlie  the  chalk ;  and  thus,  though  we  do  not 
find  every  series  at  one  and  the  same  place,  we  always  find 
them  occurring  in  the  order  above  described.  The  old  red 
sandstone  and  Silurian,  for  instance,  might  be  absent,  and 
the  coal  in  this  case  might  rest  on  the  clay-slate ;  or  the  new 
red  sandstone  and  oolite  might  be  absent,  and  chalk  might 
rest  on  the  coal ;  or  even  all  of  these  might  be  wanting,  and 
clialk  immediately  overlie  the  clay-^lat^   ^till,  there  would  be 
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no  reversal — a  higher  system  would  be  overlying  a  lower ;  and 
the  inference  to  be  deduced  would  simply  be,  that  the  region 
in  which  any  set  of  rocks  was  wanting  had  been  dry  land 
during  the  deposition  of  these  strata.  This  order  of  succes- 
sion, or  superposition^  as  it  has  been  termed,  is  the  great  key 
to  the  solution  of  all  geological  problems ;  and  so  soon  as  an 
observer  has  fixed  one  point  in  the  series,  he  knows  infal- 
libly his  position  in  the  history  of  the  crust,  no  matter  in  what 
region  he  may  be  placed,  or  what  the  distance  from  the  scene 
of  his  former  observations.  In  determining  his  position,  min- 
eral characteristics  may  sometimes  fail  him,  and  a  sandstone  of 
the  oolite  may  scarcely  be  distinguishable  from  a  sandstone  of 
the  coal-measures ;  but  paUBontological  characteristics  are  so 
constant,  that  the  moment  he  discovers  a  few  fossil  organisms, 
he  is  at  once  enabled  to  pronounce  whether  he  is  on  an  oolitic 
or  on  a  carboniferous  district. 

104.  The  constancy  of  fossil  characteristics  has  suggested 
the  classification  of  the  sedimentary  rocks  into  certain  great 
divisions,  according  to  the  types  of  Hving  beings  that  predom- 
inated during  the  successive  stages  of  deposition  ;  and  as  geo- 
logical investigation  advances  it  is  more  than  probable  that 
we  must  abandon  our  rock-groups  and  systems,  and  adhere  to 
great  life-periods  as  the  true  exponents  of  the  world's  progress 
and  history.  To  our  conceptions,  vitality  is  a  higher  effort  of 
creative  energy  than  mere  inorganic  matter.  It  is  a  more  sen- 
sitive instrument,  as  it  were ;  hence  its  value  as  an  index  to 
geological  change  and  geological  duration.  As  yet  these  life- 
periods  are  not  very  clearly  determined — that  is,  neither  their 
precise  limits  in  time,  nor  their  contemporaneity  in  space ;  but 
as  we  shall  have  occasion  to  advert  to  them  again  and  again, 
it  may  be  enough  for  the  student,  at  this  stage,  merely  to  tab- 
tilate  their  order  in  connection  with  the  rock-systems  already 
alluded  to : — 

Catnozoic  Period  (  Post-tertiary  or  current  epoch. 
{Recent  Life\      \  Tertiary  epoch. 

Mesozoio  Period    (  Cretaceous  epoch. 
/  ^-2^7    r  V  ?     \  Oolitic  epoch. 
{MMUlAfe),     iTriassicepoch. 

(Permian  epoch. 
Carboniferous  epoch. 
Devonian  epoch. 
Silurian  epoch. 
Cambrian  epoch. 
Laurentian  epoch. 
Azoic  Period         ( ^N'on-fossiliferous  epoch,  ox 
(Voia  o/Life),      \  Metamorphic  system. 
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Instead  of  this  arrangement  it  has  been  proposed  by  some  to 
substitute  the  following  as  sufficiently  distinctive  and  more 
philosophical : — 

(Post-tertiary  or  present  epoch. 
OoUtic  epoch. 
Triassic  epoch. 
(Penoian  epoch. 
Carboniferous  epoch. 
Devonian  epoch. 
Silurian  epoch. 
Cambrian  epoch. 
Laurentian  epoch. 
HYrozoio  Period    (  Metamorphic  rocks  in  which  fossils 
{Beneath  lAfe),       \     have  not  yet  been  detected. 

In  either  case,  all  that  is  meant  by  the  arrangement  in  the 
meantime  is,  that  during  certain  epochs  there  was  a  certain 
typical  resemblance  among  the  beings  then  peopling  the  globe ; 
that  down  to  the  chalk,  fossil  species  closely  resemble  those 
now  existing  (cainos,  recent,  and  zo^y  life) ;  from  the  chalk  to 
the  Permian  the  departure  from  recent  types  was  greater 
(mesosy  middle) ;  and  that  from  the  Permian  downwards  the 
species  were  altogether  distinct  from  the  recent,  and  diflferent 
in  a  majority  of  instances  from  those  of  the  middle  period 
(pcUaios,  ancient).  The  term  Neozoic  (neos,  new)  merely  ex- 
presses the  distinction  in  broader  terms ;  while  Hypozoic  (A^o, 
under)  implies  only  the  subjacent  position  of  the  metamorphic 
rocks — leaving  it  to  future  research  to  determine  whether  they 
are  absolutely  void  of  fossils  or  not.  Whatever  view  may  be 
adopted,  the  student  should  remember — and  he  cannot  be  too 
early  cautioned  ever  to  bear  in  mind — that  throughout  the 
whole  of  creation  there  is  only  one  system  ;  and  that  in  time 
past  as  in  time  present,  every  aspect  of  nature  gives  evidence 
of  only  ONE  all-pervading,  all-directing  Mind.  The  matter  of 
the  universe  may  undergo  change  of  place,  appearance,  and 
arrangement ;  still  it  is  l£e  same  matter,  subject  to  the  same 
laws  that  have  operated  through  all  time.  The  plants  and 
animals  on  this  globe  may  assume  different  specific  aspects  at 
different  epochs  and  under  different  conditions ;  still  they  are 
constructed  on  the  same  plan  and  principle,  and  the  laws 
which  influence  their  being  now  are  identical  with  those  that 
Iiave  governed  vitality  since  the  dawn  of  creation.  Without 
tills  uniformity  of  law  and  contmmty  oi  iiaX.\tt^  \Jaa  study  of 
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creation  would  be  impoeaible.  There 
is  only  one  great  system  in  crea- 
tion, and  the  periods  and  Byatems  of 
the  geologist  must  be  regarded  as 
mere  provisional  expedients  towards 
the  interpretation  of  the  continaous 
evolution  of  that  creative  system. 


Igneous  or  UoatrntLfied  Gioape. 

105.  Besides  these  classifications 
of  the  stratified  rocks  according  to 
their  mineral  characters,  their  fossil 
contents,  and  their  order  of  superpo- 
dtiou,  there  has  also  been  attempted 
an  arrangement  of  the  unstratified 
or  igneous  masses.  These,  we  have 
alr^dy  seen,  appear  among  the  sedi- 
mentary strata  without  oraer  or  ar- 
rangement —  heaving  them  ont  of 
their  original  horizontal  positions, 
breaking  through  them  in  mountaia- 
maases,  overspreading  them  after  the 
manner  of  moltea  lava,  again  over- 
laid by  newer  strata,  and  appear- 
ing as  iaterbedded  sheets,  and  anon 
thrusting  themselves  forcibly  among 
thestrataasintrusiveiiuBctions.  Ow- 
ing to  this  irregularity  of  origin,  they 
ue  often  better  known  by  their  min- 
eral composition  than  by  their  order 
of  occurrence.  Still  it  is  customaiy 
to  speak  of  them  as  Graj(iiic,  Tbaf- 
PEAN,  and  VoLCAHic ;  meaning,  by 
the  term  Granitic,  the  igneous  rocks 
which,  like  granite,  are  usually  found 
associated  with  the  older  strata ;  by 
the  term  Tiappean,  the  igneous  rocks 
most  frequently  associated  with  the 
secondary  strata ;  and  by  the  term  ., 
Volcanic,  those  that  have  made  their 
appearance  during  the  tertiaiy  and 
Iwst-tertiarF'  epochs.    It  ia  true  that 
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it  is  often  next  to  impossible  to  distinguish  certain  volcanic 
rocks  from  the  more  ancient  traps ;  and  it  is  also  well  known 
that  granitic  effusions  occur  among  secondary  strata;  still, 
taking  the  three  classes  on  the  large  scale,  and  looking  at  the 
stratified  systems  with  which  they  are  usually  associated,  it 
wiU  be  found  of  essential  service  to  retain  the  subjoined  classi- 
fication : — 

Lava,  basaltic  lava,  trachyte,  obsidian,  pumice, 
Volcanic,      {     scorise,  &c.,  associated  with  tertiary  and  recent 

accumulations. 

Basalt,  greenstone,  felstone,  pitchstone,  amygda- 
Trappean,     {     loid,  trap-tuff,  &c.,  associated  for  the  most  part 

with  secondary  strata. 

Granite,    syenite,    porphyry,  &c.,  associated   in 
Granitic,      {     greatest  force   with  ta'ansition   and    primary 

strata. 

With  these  distinctions  we  close,  in  the  meantime,  our  remarks 
on  the  divisions  of  the  stratified  and  unstratified  rocks — de- 
ferring minuter  details  till  we  come  to  discuss  the  respective 
systems.  All  that  is  necessary  for  the  student  at  this  stage  is 
to  remember  the  broader  lines  of  distinction ;  to  recollect  that 
the  preceding  classification  refers  more  especially  to  the  strata 
of  tlie  British  Islands ;  and  to  hold  it  in  some  measure  provi- 
sional till  geologists  have  been  enabled  to  examine  and  co-or- 
dinate more  closely  the  rock-systems  of  other  regions.  Those 
who  have  traced  the  progress  of  geological  classification  since 
the  commencement  of  the  current  century  will  not  be  aston- 
ished to  find  changes  in  the  existing  arrangement,  and  esped- 
ally  as  regards  the  strata  (Devonian)  between  the  Old  Red  and 
Carboniferous,  the  beds  ^Rhaetic)  between  the  Trias  and  Lias, 
and  those  (Nummtditic)  between  the  Chalk  and  the  ordinary 
European  Tertiaries.  The  separation  of  these  strata  into  inde- 
pendent systems  would  only  be  in  accordance  with  the  spirit 
and  methods  which  have  hitherto  governed  the  classification 
of  modem  geology. 


NOTE,   RECAPITULATORY  AND  EXPLANATORY. 

1 06.  The  purpose  of  the  preceding  chapter  has  been  to  ex- 
hibit the  classification  adopted  by  geologists  in  describing  the 
various  rock-formations  which   constitute   the  crust  of  the 
S^Jobe,  and  more  especially  as  develoT^^d  m  tl^^e^  EYitish  Islands 
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and  the  continent  of  Europe.  The  basis  upon  which  such  a 
classification  is  founded  is  either  mineral  composition,  fossil 
contents,  or  order  of  superposition.  By  these  aids  the  order 
of  sequence  among  the  stratified  rocks  has  been  pretty  accu- 
rately ascertained ;  hence  the  subdivision  of  formations  into 
systems,  groups,  and  series.  In  making  such  an  arrangement, 
it  is  not  affirmed  that  any  portion  of  the  crust  exhibits  these 
systems  one  above  another  like  the  coats  of  an  onion,  but  sim- 
ply that  one  series  always  succeeds  another  in  determinate 
Older,  and  that  though  several  series  may  be  wanting  in  cer- 
tain districts,  such  series  as'  are  present  are  never  foimd  out  of 
their  order  of  succession.  Beginning  at  the  surface,  we  have, 
in  descending  order — 

1.  Post-tertiary,  Quaternary,  or  recent  accumulations. 

2.  Tertiary  strata. 

3.  Cretaceous  or  chalk  system. 

4.  Oolitic  or  Jurassic  system. 

5.  Triassic,  or  upper  new  red  sandstone. 

6.  Permian,  or  lower  new  red  sandstone. 

7.  Carboniferous  system. 

8.  Old  red  sandstone,  or  Devonian  system. 

9.  Silurian  system. 

10.  Cambrian  system. 

11.  Laurentian  system. 

12.  Metamorphic  system. 

The  first  eleven  of  these  systems  are  spoken  of  as  the  Fossil- 
iferous  Eocks,  because  they  contain,  less  or  more,  the  remains 
of  plants  and  animals ;  the  rocks  of  the  last,  which  contain  no 
traces  of  vegetable  or  animal  life,  are  termed  the  Non-fos- 
^iferous.  Referring  to  the  fossil  contents  of  the  different 
strata,  the  term  Neozoic  (new  life)  is  applied  to  the  recent, 
tertiary,  and  upper  secondary  epochs;  the  term  Palceozoic 
(ancient  life)  to  the  lower  secondary  and  transition  epochs ; 
^zoic  (or  destitute  of  life),  to  the  primary  or  non-f ossiliferous 
epoch;  or,  avoiding  all  opinion  as  to  the  absence  of  fossils 
from  these  rocks,  the  term  ffi/pozoic  (beneath  life)  simply 
points  out  their  position  as  lying  under  those  systems  which 
are  decidedly  fossilif erous.  As  with  the  stratified,  so  with  the 
stratified  rocks :  some  acknowledged  plan  of  classification  is 
liecessary,  and  that  which  arranges  them  into  Volcanic,  Trap- 
P^n,  and  GranitiCy  is  perhaps  the  most  intelligible,  as  well  as 
the  most  generally  adopted.  By  employing  the  classification 
above  indicated,  every  geologist,  in  treating  oi  t\ie  loc^  q?1  ^ 
^rict,  Bpeaks  a  language  intelligible  to  othei  geo\og^\»,  ^xA 
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all  the  more  intelligible  that  it  is  a  classification  founded  on 
facts  in  nature,  and  not  on  mere  arbitrary  or  technical  dis- 
tinctions. 

107.  The  steps  by  which  the  preceding  arrangements  have 
been  arrived  at  have  been  adverted  to  in  the  context^  that  the 
student  may  comprehend  more  fully  the  application  of  many 
of  the  terms  employed.  Knowing  the  progress  of  his  science, 
he  will  be  at  no  loss  to  comprehend  the  import  of  such 
phraseology  as  "  rocks  of  the  transition  period,"  "  aspects  of 
primary  districts,"  "  fossils  of  the  younger  secondaries,"  "  fauna 
of  the  tertiary  epoch,"  and  many  others  that  are  in  daily  use 
among  working  geologists.  The  whole  scheme  of  arrange- 
ment is  one  embodying  ideas  of  progress  and  gradation ;  hence 
we  speak  of  "lower  and  upper  palaeozoics;"  "older  and 
younger  secondaries ; "  forms  that  die  out  at  the  "  close  "  of 
one  epoch  or  appear  at  the  "  dawn  "  of  another ;  and  of  spe- 
cies that  are  characteristic  of  some  definite  "  stage  "  or  "  hori- 
zon "  in  some  particular  system.  To  impart  a  thorough  con- 
ception of  the  plan  of  classification  and  of  the  spirit  that  per- 
vades it,  has  been  the  main  object  of  the  foregoing  chapter; 
and  the  student  who  has  mastered  this  may  be  contented  to 
leave  the  names  of  minuter  subdivisions  to  a  future  stage  of 
his  progress.  For  the  sake  of  easy  reference,  however,  and  in 
some  measure  to  serve  as  an  index  to  the  descriptions  of  the 
several  systems,  we  subjoin  a  tabular  outline  of  the  arrange- 
ment of  these  as  at  present  accepted  by  our  leading  geologists 
—referring  the  student  for  some  curious  historical  details  to 
the  opening  chapters  of  Sir  Charles  Lyell's  'Principles  of 
Geology,'  and  for  minuter  subdivisions  to  the  Table  of  Con- 
temporary or  Equivalent  Deposits,  appended  to  Chap.  XX.  of 
the  present  volume : — 
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Tabular  Arrangement  of  Books  and  Rock-Systemb. 
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THE  IGNEOUS  ROCKS: 

COUFRISItTO 1,   THE  GEAHITIC  ;   2,    TRS  TEAPPEAN  J  AND, 

3,   THE  VOLCAMIO  J  WITH  THEIR  RELATIONS  TO 
THE   STRATIFIED  FORMATIONS. 

io8.  As  repeatedly  slated  in  the  preceding  chapters,  ike  ig- 
neouB  rocks  have  no  determinate  position  in  the  crust  of  the 
earth  j  hence  their  minor  valne  aa  exponents  of  geological  con- 
ditions. Unlike  the  stratified  rocks,  they  have  no  order  of 
superposition ;  and,  unless  in  Bome  rare  and  accidental  in- 
stances, they  contain  no  organic  remains.  On  the  other  hand 
they  derange,  break  throngh,  and  flow  over  the  stratified  for- 
mations— and  this,  apparently,  at  no  regular  intervala  of  time, 
or  in  no  detenninate  manner.  Though  thus  throning  little 
light  on  the  vegetable  and  animal  phases  of  the  globe,  and 
supplying  no  idea  of  successional  order  in  point  of  tim^ 
they  are  stiU  of  importance  in  demonstrating  the  unity  of  geo- 
logical agency  ■  and  their  relative  positions  as  well  as  struc- 
ture and  composition  often  enable  us  to  explain  phenomena 
which  would  otherwise  remain  unsolved.  The  study  of  the 
stratified  formations  and  their  embedded  fossils  is  no  doubt 
the  most  expressive  as  It  is  the  most  attractive  department  of 
the  science ;  but  he  who  neglects  the  Igneous  rocks  and  their 
concomitant  appearances,  must  ever  remain  ignorant  of  many 
of  the  higher  dednctiona  of  geoVogy. 
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109.  Eespecting  the  origin  of  the  igneous,  or  pyrogenxms 
rocks  as  they  are  frequently  termed  (literally  "  fire-formed," 
from  the  Greek  pyr^  fire,  and  ginoma%  I  am  formed),  geolo- 
gists have  yet  no  satisfactory  theory  to  offer — one  class  ascrib- 
ing all  igneous  phenomena  to  some  great  original  source  of 
heat  within  the  globe,  and  another  attempting  to  account  for 
their  production  by  chemical  unions  among  the  primary  con- 
stituents of  the  rocky  crust.  The  former  contend  that  the  oc- 
currence of  volcanoes,  earthquakes,  escapes  of  heated  vapours, 
and  thermal  springs,  are  by  far  too  numerous  and  general  to 
be  accounted  for  on  any  principle  of  chemical  union  with 
which  we  are  acquainted;  and  the  latter,  pointing  to  the 
violent  evolutions  of  heat  that  accompany  the  decomposition 
of  such  bases  as  potassium,  sodium,  and  calcium,  argue  for 
this  view  as  more  philosophical  and  more  in  accordance  with 
natural  law.  The  one  theory  is  known  as  the  mechanical, 
the  other  as  the  chemical,  and  each  has  had  its  own  able  and 
earnest  supporters ;  but  we  shall  defer  further  notice  of  their 
arguments  till  the  student  is  presumed  to  be  acquainted  with 
the  nature  of  the  rocks  to  which  their  reasonings  refer.  Mean- 
while, admitting  the  igneous  origin  of  the  rocks  and  their 
violent  discharge  from  deep-seated  sources,  we  shall  proceed 
to  describe  their  characters  and  relations  as  classified  under 
the  heads  Granitic,  Teappean,  and  Volcanic. 


I. — GBANITIC   BOCKS. 

Their  Lithology. 

1 10.  Granite  (Lat.  granum,  a  grain)  is  so  named  from  its 
granular  texture  and  composition.     The  typical  granite  is  a 
compound  of  quartz,  felspar,  and  mica,  arranged  in  grains  or 
crystalline  particles ;  and  all  rocks  partaking  of  the  character 
and  appearance  of  granite  are  termed  granitic.     The  epithets 
granitoid  and  granitiform,  also  in  use  by  geologists,  are  ap- 
plied to  rocks  having  some  resemblance  to  granite,  though  not 
decidedly  of  granitic  nature,  nor  even,  it  may  be,  of  true 
igneous  origin.     The  granitic  rocks,  properly  so  called,  are  all 
Mghly  crystalline ;  none  of  their  crystals  are  rounded  or  water- 
^om ;  they  present  no  traces  of  deposition  or  stratification ; 
^ey  occur  in  the  crust  as  mountain-masses  and  veins,  burat- 
pig  through  and  displacing  the  sedimentary  locka*,  «bxA.  \)cl«^ 
indurate  and  otherwise  alter  (as  all  heated  masae^  ^o^^^ 
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strata  vitli  which  tliejr  come  in  contact  From  these  circimi- 
Btances  they  are  held  to  be  of  igneous  oigin  ;  and,  as  far  as 
geologists  have  been  able  to  discover,  they  are  the  most  deeply 
seated  of  all  rocks — forming,  as  it  were,  the  floor  or  foun- 
dation for  all  the  superincumbent  formations.  As  the  earliest 
of  igneous  rocks,  they  are  generally  found  associated  with 
primary  and  transition  strata,  tilting  them  up  on  tbeii  edges, 
bursting  through  them  in  dykes  and  veins,  and  variously  alter' 
ing  their  positions  and  mineral  character.  Though  occurring 
most  abundantly  among  primitive  strata,  granlnc  outbuists 


may  be  found  among  rocks  of  all  ages,  but  certainly  not  as  a 
marked  and  general  feature  of  the  period.  In  the  island  of 
Arran,  for  example,  granitic  dykes  are  found  traversing  rocks 
of  the  carboniferous,  if  not  of  the  new  red  sandstone  period, 
and  in  the  Alps  granitic  outbursta  and  upheavals  are  associ- 
ated with  strata  of  cretaceous  age ;  but  these  are  exceptions, 
and  not  the  rule — the  great  epoch  of  granitic  intensity  being 
that  which  terminated  with  the  deposition  of  the  silnrian 
strata. 

III.  Whether  occurring  in  veins  or  mountain-masse^  Uie 
structure  of  granite  is  irregular  and  amorphous,  only  occasion- 
ally occurring  in  stratiform  and  tabular  masses.  In  its  texture  it 
varies  from  a  close-grained  compact  rock  to  a  coarse  and  loose 
aggregation  of  distinct  crystals — that  is,  in  the  one  case  crypto- 
eryttalline  (Gr.  kryptot,  hidden  or  indistinct),  and  in  the  other 
obviously  or  clearly  crystalline.  In  the  composition  of  granitic 
rocks  there  is  also  considemble  variety,  and  the  student  vrill 
best  learn  to  discriminate  the  different  species  by  tlie  examin- 
ation of  actual  specimens.  Ordinary  ffraniit  is  composed  of 
ciyataJa  oi  felspar,  quartz,  and  mica, — is  of  a  greyish  colour 
wAen  ifie  crystfila  of  felspar  are  iMBtj-^hite,  and  reddish 
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when  they  are  coloured  by  the  presence  of  iron.  When  the 
dark  glas^  mineral  called  hornblende  takes  the  place  of  the 
mica,  the  rock  is  known  by  the  name  of  syenite  (from  Syene 
in  Upper  Egypt) ;  and  when  both  mica  and  hornblende  are 
present,  the  compound  is  known  as  a  syenitic  granite.  Occa- 
sionally talc  supplants  the  mica,  and  then  the  admixture  of 
felspar,  quartz,  and  talc  is  known  by  the  name  of  protogine 
(literally,  first-formed), — ^a  term  by  no  means  happily  chosen, 
as  many  of  these  talcose  granites  (like  those  of  tiie  Alps) 
occur  in  connection  with  rocks  of  secondary  formation.  The 
term  hypersthenic  granite  is  applied  to  an  admixture  of  quartz 
and  hypersthene,  with  scattered  flakes  of  mica ;  and  graphic 
granite  is  a  binary  compound  of  felspar  and  quartz — ^the 
quartz  being  disposed  through  the  felspar  matrix  in  lines 
which,  in  cross  sections,  appear  like  Arabic  writing — Whence 
the  name.  Another  fine-grained  compound  of  felspar  and 
quartz,  with  minute  scales  of  mica,  is  known  by  the  name  of 
pegmatite  (Gr.  pegma,  compacted) ;  and  porphyritic  granite  is 
the  term  employed  when,  in  addition  to  the  crystals  compos- 
ing the  general  mass  of  the  rock,  there  are  indiscriminately 
mingled  through  it  larger  and  independent  crystals  of  felspar, 
as  in  the  Shap  granite  of  Westmoreland,  and  the  Dartmoor 
of  Devonshire. 

112.  Besides  the  preceding  there  are  other  granitic  com- 
pounds, in  all  of  which  felspar  (several  varieties),  quartz,  mica, 
hornblende,  and  hypersthene  are  the  essential  ingredients, 
and  schorl,  actynoHte,  garnet,  beryl,  and  amethyst,  the  acci- 
dental or  modifying  minerals.     It  is  enough,  however,  for  or- 
dinary purposes  to  be  able  to  discriminate  those  already  men- 
tioned ;  and  to  remember  that  granites  are  often  spoken  of  as 
hinaryy  ternary^  and  quaJtemaryy  according  to  the  number  of 
simple  minerals  whi(^  enter  into  their  composition.     Thus, 
graphic  granite,  as  composed  of  felspar  and  quartz,  is  a  bin- 
ary ;  ordinary  granite,  of  felspar,  quartz,  and  mica,  is  a  ternary; 
and  syenitic  granite,  of  felspar,  quartz,  hornblende,  and  mica, 
is  a  quaternary  compound.    There  are,  however,  many  blend- 
mgs  of  these,  one  into  the  other ;  and  in  the*  same  mountain- 
tange,  or  even  in  the  same  hill,  we  may  find  some  half-dozen 
varieties  of  granite,  if  distinctions  are  to  be  founded  upon  the 
greater  or  less  abundance  of  any  one  constituent  mineral 

113.  As  an  igneous  rock,  granite  occurs  either  in  eruptive 
mountain-masses,  in  dykes,  or  in  veins.     In  general,  grawitia 
dykes  present  a  very  difl^erent  aspect  from  the  gcamX.^  \)tie^ 
traversa — hence  we  may  have  a  small-grained  coiii^acX.  \c>c2!k. 
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traversing  one  of  large  granular  texture ;  or  one  in  which  seve- 
ral accidental  minerals  are  developed  that  do  not  occur  in  the 
main  mass.  Thus,  we  have  dykes  and  veins  of  glassy  quartz 
with  a  few  scales  of  mica ;  of  hornblende  with  a  little  quartz 
{hornblende  rock) ;  of  hypersthene  with  a  little  felspar  {hyper- 
sthene  rock) ;  of  glassy  felspar  with  a  little  quartz ;  or  of  fel- 
spar with  large  macles  of  mica.  It  is  from  these  veins  that 
we  derive  the  "  crystallised  granites  "  of  the  mineralogist,  the 
felspar  of  commerce,  the  beryl,  tourmaline,  rock-crystal,  gar- 
net, and  other  precious  stones  prized  by  the  lapidary  and 
jeweller. 

114.  However  complicated  the  mineral  admixtures  of 
granitic  or  granitoid  rocks,  and  however  varied  their  aspects, 
there  are  several  features  which  they  preserve  in  common, 
and  which  serve  to  distinguish  them  from  the  later  igneous 
rocks.  For  instance,  they  are  more  crystalline,  or  rather 
granular-crystalline,  than  any  other  variety  of  igneous  rock ; 
they  are  never  vesicular,  cellular,  or  porous,  like  traps  and 
volcanic  lavas ;  they  exhibit  less  structure  than  trappean 
rocks,  being  generally  massive  or  cuboidal,  and  void  of  that 
columnar  structure  so  common  in  basalts  and  greenstones; 
they  are  never  amygdaloidal  like  traps,  conglomerated  or  brec- 
ciated  like  trap-tuffs,  or  scoriaceous  like  volcanic  tufa.  They 
seem  to  have  been  formed  at  greater  depths  or  under  greater 
pressure  than  either  traps  or  lavas ;  hence  they  are  spoken 
of  as  plutordc  in  contradistinction  to  volcanic^  which  may  be 
originated  under  the  open  air.  For  similar  reasons  they  are 
classed  by  some  American  geologists  as  pyro-crystcdline,  in 
contradistinction  to  the  traps  and  lavas,  which  are  often  joyro- 
plastic — a  distinction  which  the  student  will  find,  as  he  ad- 
vances, to  be  more  apparent  than  reaL 

[Admitting  the  general  doctrine  of  the  igneous  origin  of  granite,  the 
student  would  do  well  to  remember  that  the  granitic,  like  all  other  deep- 
seated  rocks,  may  have  undergone  less  or  more  metamorphism  since  the 
time  of  their  formation.  Heat,  pressure,  chemical  action,  and  other  in- 
ternal forces  are  continually  producing  this  change,  and  from  this  cause 
may  have  arisen  the-  more  crystalline  and  uniform  texture  of  granites  as 
compared  with  traps  and  lavas.  At  all  events,  it  is  safer  to  faU  back  on 
this  hypothesis,  than  appeal  to  "aqueous  conditions  of  formation,"  which 
are  sometimes  advanced  to  account  for  certain  phenomena  in  the  texture 
and  crystalline  arrangement  of  granitic  compounds,  but  which  are  other- 
wise wholly  at  variance  with  the  disruptive  character  of  these  rocks  as 
evidenced  in  their  relations  to  the  associated  gneiss  and  mica-schists.] 
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Geographical  Distribution  and  Physical  Aspects. 

115.  GraDitic  rocks  are  widely  distributed,  and  form  the 
principal  mass  of  the  most  extensive  mountain-ranges  in  the 
world.  The  Grampians  in  Scotland,  the  mountains  of  Cum- 
berland, Devon,  and  Cornwall  in  England,  the  Wicklow  Moun- 
tains in  Ireland,  the  Dofrafelds  in  Scandinavia,  the  Alps  in 
Switzerland,  the  Pyrenees  in  Spain,  the  Oural  and  Himalayan 
ranges  in  Asia,  the  Abyssinian  and  other  chains  in  Northern 
Africa,  the  hills  of  Damara  and  Namqua  Land  in  Southern 
Africa,  the  central  range  of  the  Island  of  Madagascar,  and  the 
Andes  in  South  America,  are  all  less  or  more  composed  of 
granitic  rocks,  or  of  primary  strata  thrown  up  and  altered  in 
mineral  character  by  these  granitic  intrusions.  They  form,  as 
it  were,  the  skeleton  of  our  older  mountain-chains  and  table- 
lands ;  and  while  in  many  instances  they  have  been  the  im- 
mediate instruments  of  elevation,  in  others  they  were  un- 
doubtedly the  islands  and  continents  whose  waste  went  to 
constitute  the  strata  that  now  envelop  their  bases. 

116.  The  physical  aspect  of  purely  granitic  tracts  is,  on  the 
whole,  dreary  and  monotonous.  Huge  rounded  hills  with 
little  irregularity  of  outline  from  the  equable  weathering  of  so 
homogeneous  a  rock,  flat  or  slightly  undulating  moorland  ex- 
panses, and  bald  woodless  crags,  are  the  common  features  of 
the  districts  where  granite  alone  prevails.  Partly  from  the 
barren  nature  of  the  scanty  soil  (decomposed  quartz  and  fel- 
spar), and  partly  from  their  high  and  elevated  condition  as 
mountain-chains  and  table-lands,  these  granitic  areas  are  gene- 
rally bleak  and  inhospitable,  presenting  few  facilities  for  agri- 
cultural improvement  or  amenity.  Draining  and  shelter  have 
done  much  to  reclaim ;  but  the  granitic  moorland  seems  al- 
most beyond  the  power  of  human  labour  and  ingenuity. 


Industrial  Products. 

117.  The  industrial  purposes  to  which  granitic  rocks  are 
applied  are  alike  numerous  and  important.  As  a  durable 
building-stone  for  heavy  structures,  like  docks,  bridges,  light- 
houses, and  fortresses,  the  harder  and  tougher  varieties  of 
granite  are  invaluable  ;  and  for  these  as  well  as  for  street  pur- 
poses, large  quantities  are  yearly  quarried  in  M>ei^ftekXi.^tt«^, 
AigyH  :^rkcudbnght,  Wicklow,  Devonshire,  and  o>i\i"et  ^^- 
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tricts.     In  some  towns,  as  Aberdeen,  granite  forms  tlie  ordi- 
nary building-stone ;  and  those  who  Imve  witnessed  the  public 
structures  of  that  city  will  see  how  well  it  is  fitted  for  the 
highest  requirements  of  architecture.     As  an  ornamental  stone 
for  sepulchral  monuments,  halls,  chimney-slabs,  pillars,  pedes- 
tals, and  the  like,  some  varieties  of  granite  are  rapidly  coming 
into  use — the  beauty  and  sparkle  of  their  variegated  texture, 
and  the  perfection  to  which  they  can  be  cut  and  polished, 
rendering  their  adoption  peculiarly  desirable.     As  yet  Aber- 
deen is  the  headquarters  of  this  species  of  manufacture — ^the 
whitish-grey  of  Rubislaw,  the  bluish-grey  of  Caimgall,  and  the 
reddish  flesh-coloured  of  Peterhead,  being  the  most  esteemed 
sorts ;  but  those  of  Dalbeattie,  Creetown,  Mull,  Shap,  and 
Wicklow,  are  also  rapidly  increasing  in  demand.     Some  fel- 
spathic  granites,  like  those  of  Devon  and  Cornwall  (Cornish 
Stone),  are  easily  decomposed  when  exposed  to  the  weather 
(or  artificially  ground  down^,  and  in  this  state  produce  a  fine 
impalpable  clay  (silicate  of  alimiina — silica  60,  alumina  40), 
known  as  Kaolin  or  China  clay,  and  largely  employed  in  the 
manufacture  of  the  finest  pottery  and  porcelain,  statuettes, 
buttons,  and  the  like.     About  10,000  tons  of  the  finest,  and 
nearly  30,000  of  the  commoner  kinds,  are  said  to  be  annually 
collected  and  prepared  for  this  purpose  in  the  counties  of  Devon 
and  ComwalL     Felspar,  as  a  vein-stone,  is  likewise  worked  for 
pottery  purposes,  some  varieties  producing  the  finest  and 
most  durable  enamels ;  and  hence  also  its  application  in  the 
manufacture  of  artificial  teeth,  and  similar  compounds.     Apor- 
tite,  or  crystallised  phosphate  of  lime,  is  another  mineral  pro- 
duct found  in  veins  traversing  the  earlier  igneous  and  meta- 
morphic  rocks  (largely,  as  in  Norway,  Spain,  and  Canada), 
and  is  employed  to  some  extent  in  the  preparation  of  artificial 
manures.     Among  the  minor  products  of  granitic  rocks  and 
veins  may  be  enumerated  mica  (when  in  large  plates,  as  a 
substitute  for  glass  ;  hence  the  term  "  Muscovy  glass,"  from 
its  being  used  in  Russia) ;  talc ;  rock-crystal,  the  amber-col- 
oured varieties  of  which  are  known  as  "cairngorms"  (from 
the  mountain  of  that  name  in  Aberdeenshire);  tourmaline; 
beryl;  garnM,  and  other  precious  minerals. 

II. — TRAPPEAN  ROCKS. 

118.  The  term  trap  (from  the  Swedish  trappa,  a  stair)  was 

originally  applied  to  those  igneous  rocks  which  give  to  many 

-tills  of  the  secondary  period  a  tettaced.  ot  ^\.«^-\ike  appear- 


TBAPPEAN  SEBIES.  I3I 

ance.  Many  of  these  rocks  seem  to  have  been  formed  under 
water,  here  spread  out  as  volcanic  dust  and  ashes,  there  as 
flows  of  lava,  and  anon  interstratified  with  true  sedimentary 
matter.  It  is  to  these  successional  flows  of  igneous  matter, 
and  the  subsequent  unequal  degradation  of  the  interstratified 
aqueous  rocks  and  softer  trap-tuffs,  that  the  trap-hills  owe 
their  stair-like  appearance — the  softer  rocks  forming  the 
slopes,  and  the  harder  the  steps  or  terraces.  As  the  granite 
rocks  were  generally  associated  with  the  older  strata,  so  the 
trappean  rocks  are  usually  connected  with  the  secondary — 
throwing  them  up  on  the  sides  of  hills,  breaking  through  them 
in  dykes  and  veins,  and  spreading  oyer  them  in  sheet-like 
masses.  The  student,  however,  is  again  reminded  that  this 
distinction  is  merely  provisional,  and  for  the  sake  of  more  easy 
comprehension.  Granitic  outbursts  appear  in  connection  with 
oolitic  and  cretaceous  strata ;  and  it  is  often  impossible  to  dis- 
tinguish between  the  traps  of  ancient  and  the  trachytes  of 
more  modem  volcanoes.  Still,  as  a  whole — and  herein  lies 
the  value  of  our  classification — ^the  granites  are  more  ancient 
and  crystalline  than  the  traps,  and  the  traps  older  and  less 
vesicular  than  the  volcanic  trachytes  and  lavas. 

Their  Lithology. 

119.  In  their  structure  and  composition,  the  trap-rocks  are 
extremely  varied — some  being  compact  and  crystalline,  like 
basalt  and  greenstone;  others  soft  and  earthy,  like  certain 
trap-tuffs  and  felstones.  Indeed  there  is  no  class  of  rocks  more 
puzzling  either  to  the  mineralogist  or  to  the  geologist,  their 
varieties  being  so  numerous,  and  their  relations  to  the  strata 
being  often  so  intricate  and  deceptive.  The  more  crystalline 
varieties  are  known  as  basalts,  greenstones,  clinkstones,  com- 
pact felstones,  and  felstone  porphyries ;  the  earthier  varieties, 
as  claystones,  amygdaloids,  trap-tuffs,  and  wack^s.  Mineralo- 
gically  speaking,  they  are  chiefly  composed  of  felspar,  horn- 
blende, and  augite,  with  admixtures  of  hypersthene,  olivine, 
green-earth,  quartz,  clay,  and  iron,  the  hornblendic  varieties 
being  frequently  termed  diorites  (dioros,  obvious),  and  the 
augitic  doleritea  (doleros,  deceptive) — the  hornblende  in  the 
former  being  readily  distinguished,  while  the  augite  in  the 
latter  is  apt  to  be  mistaken.  In  their  structure  and  texture 
they  give  greater  evidence  of  their  pyrogenous  ori^iv — ^b^m% 
frequently  cellular  or  vesicular  like  lava,  scoiiaceowa  \^"&  ^<^- 
canic  ashes,  and  brecciated  Jike  the  tuf aceowa  acc>iTKvA^^Q\i^ 
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round  the  craters  of  existing  volcanoes.    In  their  colnmnar  and 
spheroidal  arrangement  the^  exhibit  more  structure  than  Uie 


tranitea,  and  point  distinctly  to  their  origin  as  the  stony  pio- 
ucts  of  cooling  and  consolidation  from  igneous  fusion.  Their 
action  upon  the  stratified  roeks  is  also  more  decided  and  per- 
ceptible :  here  we  see  them  bursting  through  and  producing 
faults  and  fissures ;  there  tilting  up  the  strata  at  acute  angles, 
or  bending  and  flexuring  them  in  a  variety  of  ways ;  &nd 
generaUy  at  the  points  of  contact  indurating  with  greater  or 
less  intensity,  so  as  to  convert  sandstones  into  quartzltes, 
limestones  into  crystalline  marbles,  coal  into  anthracite,  and 
clays  and  shales  into  chert  and  porcelain  jaspers.  Indeed,  in 
their  entire  relations  they  are  so  exactly  anologous  to  modem 
volcanic  rocks,  that  geologists  feel  no  hesitation  in  ascribing 
to  them  a  similar  pyrogenous  origin.  As  was  forcibly  re- 
marked by  Sir  James  Hall,  now  neatly  eighty  years  ago, — 
"  The  analogy  between  the  two  classes  seems  to  hold  through 
all  their  varieties  ;  and  I  am  confident  there  is  not  a  lava  of 
Mount  Etna  to  which  a  counterpart  may  not  be  produced 
from  the  whinstones  of  Scotland." 

'  120.  The  trappean  rocks  being  thus  of  decidedly  igneous 
origin,  many  of  them  must  have  been  ejected  after  the  manner 
of  molten  lava ;  some  scattered  abroad  as  showers  of  volcanic 
dust  and  ashes  ;  while  others  are  as  evidently  the  broken  and 
.iaZf-Zused  fragments  of  the  associated  strata.  Heterogeneons 
j^^eir  origin  ae  modem  volcanic  ptod-iuAai^kc^  %te  tendered 
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more  varied  by  the  circumstance  of  some  having  been  formed 
at  great  depths,  some  under  the  pressure  of  water,  and  others 
having  been  re-fused  and  re-ejected  during  subsequent  erup- 
tions. Much  of  their  perplexing  variety  of  texture  seems  also 
to  have  arisen  from  the  slowness  or  rapidity  with  which  they 
have  been  cooled  ;  and  we  know  from  the  experiments  of  Sir 
James  Hall,  Mr  Gregory  Watt,  and  the  Messrs  Chance,  Bir- 
mingham, that  the  same  mass  which  will  become  a  glassy 
obsidian  when  suddenly  cooled,  will  pass  into  a  stony  basalt 
-under  a  slower  process,  and  into  a  soft  sub-crystalline  rock  if 
the  cooling  be  prolonged  through  a  still  more  gradual  series  of 
stages.  Thus,  running  by  imperceptible  degrees  into  each 
other,  it  is  often  impossible  to  assign  to  some  of  the  trap-rooks 
an  exact  specific  place,  and  the  geologist  must  content  himself 
by  taking  as  his  guide  the  most  obvious  distinction  that  pre- 
sents itself.  For  ordinary  purposes,  the  trap-rocks  may  be 
conveniently  arranged  under  the  augitic^  or  those  in  which 
augite  predominates ;  the  homblendic,  where  hornblende  pre- 
vails ;  fdspathic,  where  felspar  is  the  chief  ingredient ;  por- 
phyriesy  where  various  minerals  intermingle ;  amygdaloids^ 
where  the  cellular  cavities  of  the  mass  have  been  filled  by 
infiltrations  of  other  mineral  matter;  and  tufca  where  the 
texture  is  soft,  porous,  or  earthy.  Adopting  this  view,  we 
have  the  following  enumeration,  which  is  sufficiently  compre- 
heneiye  for  the  o^inaiy  purposes  of  the  geological  iLmer :- 
121.  The  basalts  are  the  most  compact,  hardest,  and  heavi- 
est of  the  trap-rocks ;  they  are  of  a  dark  colour,  close-grained 
texture,  and  often  appear  in  arrangements  more  or  less  co- 
lumnar, like  that  of  the  Giant's  Causeway,  Fingal's  Cave  in 
Stafiia,  and  Samson's  Eibs  near  Edinburgh.  They  are  essen- 
tially augitic,  usually*enclose  small  spherical  crystals  of  olivine, 
(so  call^  from  its  olive-green  colour),  and  are  more  or  less  im- 
pregnated with  iron.  The  greenstones  (whinstones  of  Scotland) 
are  less  compact,  more  granular,  exhibit  distinctly  their  com- 
ponent  ciystels  of  hornblende,  augite,  hypersthene,  &c.,  often 
contain  sulphuret  of  iron,  and  are  usually  massive  or  sub-co- 
lumnar in  their  structure.  It  is  customary  to  speak  of  them 
as  hypersthenic  greenstones,  felspathic  greenstones,  <&c., 
accordmg  to  the  predominating  mineral ;  and  many  of  them 
are  porphyritic  in  their  texture — Whence  we  hayegreeftstone-por- 
phyries  or  porphyritic  greenstones.  Trap  compounds,  or  green- 
stones essentially  composed  of  augite  and  felspar,  are  aotcifir 
times  (adopting  Continental  nomenclature)  deaigoaX.^^  dxiler- 
ites;  while  those  chie£y  composed  of  hombleudft  ^xA  i^«^^3t 
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are  tenned  diorites.  The  clinkstones  or  phonoHtes  (Gr.  pJwnos, 
sound,  and  lithos,  stone)  differ  little  from  the  basalts  in  com- 
position, but  are  less  compact,  and  break  up  into  slaty-like 
fragments,  and  emit  a  ringing  metallic  sound  when  struck  by 
the  hammer, — whence  their  name.  These  three  species  of  trap 
often  graduate  so  imperceptibly  one  into  the  other,  that  geo- 
logists are  under  the  necessity  of  adopting  compound  terms, 
like  basaltic  clinkstone,  for  example,  to  designate  such  a  rock 
as  that  on  which  the  Castle  of  Edinburgh  is  founded.  The 
felspathic  division  of  the  trap-rocks  also  presents  many  vari- 
eties, and  contains  most  of  the  porphyries  properly  so  called. 
Thus,  compact  felstone,  or  felsite,  is  a  compact  paste  or  basis 
of  felspar,  with  occasional  disseminated  crystals ;  a.nd  felstone- 
porphyry  has  also  a  basis  of  compact  or  crystalline  felspar, 
with  large  independent  crystals  disseminated  through  it. 
Closely  allied  to  the  felstones  are  the  hornstones  and  pitch- 
stones — homstone  and  liomstone-^orphyry  being  compact  flinty 
compounds,  hence  known  as  petro-sUex  or  rock -flint;  and 
pitchstone  and  pitchstone  -  porphyry  being  siliceo  -  aluminous 
compounds  having  a  compact  texture  and  pitchy  vitreous 
lustre.  Neither  the  hornstones  nor  pitchstones  occur  in 
massive  abundance,  being  generally  found  in  traversing  dykes 
and  veins,  like  those  of  Arran  and  Ayrshire.  The  porphyry 
of  the  mineralogist  consists  of  a  reddish  felspar  basis  with 
disseminated  crystals  sometimes  of  the  same  hue,  and  at 
others  of  a  whitish  or  flesh  colour ;  but  its  variations  are  so 
numerous,  that  it  is  better  to  consider  the  term  "  porphyritic  " 
as  characteristic  of  a  peculiar  composition  in  many  rocks,  than 
a  rock  per  se,  Glaystone  (now  better  known  as  f  elstone)  is  a  cal- 
cined-looking  rock,  composed  essentially  of  earthy  felspar ;  and 
it  becomes  daystone-porphyry  when  crystals  of  glassy  felspar  are 
embedded  in  its  mass.  The  amygdaloids  are  rather  earthy  in 
texture,  have  been  originally  vesicular,  and  are  so  named  from 
the  almond-shaped  concretions  (Gr.  amygdalon,  an  almond) 
of  calc-spar,  agate,  chalcedony,  &c.,  which  now  fill  the  vesicu- 
lar cavities ;  and  the  trap-tuffs  and  waMs  occur  in  every  gra- 
dation of  texture,  from  soft  scoriaceous  masses  to  compact 
aggregations  of  rocky  fragments  cemented  together  by  igneous 
matter.  The  trachytes,  or  greystones  as  they  are  sometimes 
termed,  are  greenish-grey  varieties  indistinctly  crystalline  or 
earthy,  and  so  named  from  the  rough,  harsh  feel  (Gr.  trachysy 
rough)  they  have  under  the  finger ;  but  they  belong  to  the 
volcanic  rather  than  to  the  trappean  group,  and  mark,  as  it 
were,  the  transition  from  the  one  epodo.  \.o  \\i^  Q'^et.   Indeed, 
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as  will  be  afterwards  seen  when  we  come  to  discuss  tlie  strati- 
fied systems  and  their  associated  igneous  rocks,  there  appears 
to  be  something  like  a  chronological  development  among  the 
species  of  trap-rocks — a  subject  which  will  require  long  years 
of  patient  research  before  it  can  be  invested  with  any  degree 
of  certainty  as  a  generalisation.  In  the  meantime  it  would 
appear  that  felstones,  felstone-porphyries,  and  felspathic  amyg- 
daloids  belong  more  exclusively  to  the  old  red  sandstone 
period ;  greenstones,  trap-tuffs,  wack^s,  and  trap-conglomer- 
ates to  the  carboniferous ;  and  dark  glassy  basalts  and  pitch- 
stones  to  the  upper  secondary  formations.  Whether  these 
differences  have  arisen  from  differences  in  the  composition  of 
the  products  originally  ejected,  from  the  conditions  under 
which  they  were  ejected,  from  the  rapidity  with  which  they 
were  cooled,  or  partly  from  the  metamorphisms  to  which  they 
have  subsequently  been  subjected,  remains  an  undetermined 
problem. 

Distribution  and  Physical  Aspects. 

122.  The  geographical  area  occupied  by  the  trap-rocks  is 
very  exteusiye,  there  being  few  secondary  districts  in  which 
they  do  not  rise  up,  either  in  undulating  conical  heights,  or  in 
terrace-like  hill-ranges.  Indeed,  all  the  older  secondary  regions 
— ^that  is,  those  occupied  by  the  old  red  sandstone  and  carbon- 
iferous systems  —  owe  their  surface  configuration  chiefly  to 
manifestations  of  trap.  Much  of  this  trap  is  of  contempora- 
neous origin  with  the  sedimentary  rocks  among  which  it  oc- 
curs, and  is  of  course  interstratified  with  these  deposits ;  but 
a  great  portion  also  is  of  posterior  date,  and  in  this  case  oc- 
curs as  disrupting  and  overlying  masses.  To  enumerate  the 
districts  in  which  trappean  compounds  occur,  would  be  to  map 
out  the  countries  occupied  by  the  whole  transition  and  second- 
ary systems.  In  our  own  country,  the  Sidlaw,  Ochil,  Pent- 
land,  and  Lammermuir  ranges  in  Scotland ;  the  Cheviot,  Cum- 
berland, Welsh,  and  Derbyshire  hills  in  England ;  and  most 
of  the  hills  in  Ireland,  are  of  true  trappean  composition — that 
is,  of  variable  masses  of  one  or  other  of  the  species  enumerated 
in  the  preceding  paragraph. 

123.  The  scenery  produced  by  assemblages  of  trap-hills  is 
often  extremely  picturesque  and  beautiful — their  undulating 
outlines,  step-like  ascents,  abrupt  crags  and  cliffs,  and  da- 
tached  conical  eminences,  presenting  a  mudoi  gt^^\.et  N^TVfc\:^ 
of  scenic  aspect  than  is  produced  by  those  eilS^er  oi  ^w.xl^"\& 
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or  of  volcanic  origin.  They  are  "  hills "  rather  than  moun- 
tain-ranges, and  consequently  produce,  within  narrower  limits, 
all  that  diversity  of  surface  which  is  ever  so  pleasing  to  the 
human  eye,  while  their  moderate  height  prevents  that  cold 
sterility  which  renders  the  heights  of  primitive  mountains 
often  so  dreary  and  monotonous.  In  addition  to  this,  the  soil 
produced  by  the  decomposition  of  many  traps  (containing  lime, 
soda,  and  potash)  is  so  genial  and  productive,  and  is  so  well 
drained  by  their  natural  joints  and  fissures,  that  the  term 
« trap^trict "  is  usuaUy  regarded  as  synonymous  with  amenity 
and  fertility. 

Industrial  Products. 

124.  The  industrial  purposes  to  which  trap-rocks  are  ap- 
plied are  numerous  enough,  but  not  of  prime  importance. 
Some  basalts  and  greenstones  make  very  durable  building 
materials,  but  the  difficulty  of  dressing  them  into  proper  shape, 
combined  with  their  dingy  and  unattractive  colours,  prevents 
their  extensive  use  in  architecture.  The  same  may  be  said 
of  the  felspar-porphyries,  cUnkstones,  and  amygdaloids,  which 
are  rarely  employed  where  sandstones  or  limestones  can  be 
obtained.  Their  hardness,  however,  renders  them  peculiarly 
fitted  for  road  and  street  material ;  hence  their  extensive  use 
in  causewaying  and  macadamising — several  of  the  greenstones 
successfully  competing  with  the  granites  in  this  respect.  Be- 
fore the  improved  manufacture  of  fire-bricks,  some  open-tex- 
tured varieties,  known  as  "  leck-stones,"  were  largely  used  for 
the  linings  and  soles  of  ovens ;  and  some  of  the  closer-grained 
greenstones  and  basalts  have  been  employed  by  the  Hindoos, 
Persians,  and  Egyptians  for  sculptural  purposes.  Attempts 
have  also  been  made  to  melt  and  mould  some  of  the  more 
fusible  basalts  and  greenstones  into  architectural  ornaments, 
but  hitherto  with  indifferent  success.  From  the  geodes  (that 
is,  spany  cavities)  of  the  amygdaloids  and  trap-tuffs  are  ob- 
tained most  of  the  agates,  jaspers,  chalcedonies,  and  camelians, 
made  use  of  by  the  lapidary  and  jeweller.  Indeed  the  so-called 
"Scotch  pebbles"  are  mainly  derived  from  the  amygdaloids 
of  the  Kilpatrick,  Sidlaw,  Ochil,  and  Crieff  hills — ^being  some- 
times quarried  from  the  rock,  but  generally  found  among  the 
weathered  debris,  or  from  the  gravel  of  the  adjacent  rivers  and 
sea-shores.  Few  metalliferous  veins  are  found  traversing  rocks 
of  trappe&n  origin,  though  they  are  evidently  connected  as  a 
producing  cause  with  many  oi  the  oie-^evna  at  \ikft  mountain 
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and  magnesian  limestones.  Perhaps  the  most  notable  metallic 
product  occurring  in  trap-rocks  is  the  native  copper  of  Canada 
and  North  America,  which  occurs  in  plates  and  strings  and 
blocks  often  of  large  dimensions.  A  similar  native  copper,  in 
irregular  plates  and  strings,  occurs  in  the  traps  of  Renfrew 
and  Dumbarton  shires ;  but  it  is  too  sparingly  disseminated  to 
be  mined  with  profit. 

ni. — VOLCANIC  BOCKS. 

125.  All  the  igneous  rocks  already  described  are,  in  one 
sense,  volcanic — ^that  is,  have  been  produced  by  the  agency  of 
heat  in  a  manner  analogous  to  that  of  existing  volcanoes.  For 
the  sake  of  classification,  however,  it  is  better  to  limit  the 
term  to  such  rocks  as  are  now  in  process  of  formation,  or  have 
been  formed  since  the  beginning  of  the  tertiary  epoch.  *It  may 
be  difficult,  in  some  instances,  to  distinguish  a  mass  of  trachy- 
tic  lava  from  one  of  trachytic  trap-tuff;  but  when  the  mass  is 
viewed  in  connection  with  its  associated  rocks,  its  origin  be- 
comes readily  apparent,  and  there  is  generally  as  little  difficulty 
in  distinguishing  between  recent  volcanic  products  and  trap- 
pean  compounds,  as  there  is  in  distinguishing  between  trap 
and  granite.  Volcanic  rocks  are  therefore  essentially  products 
of  the  Cainozoic  period,  and  are  found,  like  the  older  igneous 
rocks,  either  elevating,  bursting  through,  or  overlying  the  stra- 
tified formations. 

126.  A  volcano  (Vulcamts,  the  god  of  fire)  has  been  de- 
scribed by  Sir  Charles  Lyell  as  "  a  more  or  less  perfectly  coni- 
cal hill  or  mountain,  formed  by  the  successive  accumulations 
of  ejected  matter  in  a  state  of  incandescence  or  high  heat,  and 
having  one  or  more  channels  of  communication  with  the  inte- 
rior of  the  earth,  by  which  the  ejections  are  effected."  This 
definition  is  a  somewhat  restricted  one ;  for,  geologically  speak- 
ing, all  matters  discharged  from  the  crust  of  the  earth  by  the 
action  of  heat  are  regarded  as  volcanic  or  of  volcanic  origin. 
These  substances  make  their  appearance  either  as  solid  matter, 
as  mud,  water,  vapour,  or  as  gases ;  and,  when  cooled  down 
and  consolidated,  produce  a  variety  of  rock-products,  which  we 
shall  now  describe : — Lava  is  the  name  commonly  given  to  all 
melted  rock-matter  ejected  from  active  craters,  and  which, 
when  cooled  down,  forms  varieties  of  trachyte,  basalt,  and 
tufa,  according  to  the  varying  proportions  of  felspar^  horn- 
blende, augite,  and  according  to  the  slowness  ot  xwgv^X:^  "^Sfisi 
which  Hbe  mass  is  cooled.   The  more  rapid  the  ^^toceaa  oi  c^^- 
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iDg,  the  more  compact  the  rock ,  and  thus  ve  have  among 
volcanic  products,  just  as  among  trappean,  every  ^tiety  of 


texture,  from  that  of  a  glassy  basalt  to  a  granular  trachyte  or 
greyatone,  and  from  that  to  a  soft  earthy  tufa.  Obtidian,  or 
volcanic  glass,  is  a  vitreous  lava  of  various  shades  of  colour, 
and  in  many  instances  is  scarcely  distinguishable  from  the 
product  of  the  glaiss-furaace.  Indeed,  so  thoroughly  glassy  is 
its  nature,  that  its  name  is  said  to  be  derived  from  the  Greek 
word  opgianoe,  in  allusion  to  its  use  among  the  ancients  as  a 
material  for  mirrors.  Pumice  (Lat.  epuma,  froth  or  scum)  is  a 
light  porous  rock,  evidently  produced  by  the  disengagement  of 
gases  in  the  mass  while  in  a  state  of  fusion ;  in  other  words, 
the  solidified  froth  or  scum  of  molten  rock-matter.  It  is  often 
80  light  as  to  float  on  water,  is  of  various  shades — the  finer 
varieties  having  a  pearly  or  silky  lustre,  and  fibrous  teirture. 
The  pumices  are  closely  allied  to  the  obsidians  in  composition, 
and  appear  to  be  the  same  substance  rendered  porous  and 
fibrous  by  the  extrication  of  steam  and  gases.  To  the  same 
group  also  belong  the  pearlstones,  so  called  from  tbeir  pearly 
lustre,  and  which  hold  an  intermediate  place  between  the 
pumices  and  obsidians — -being  more  compact  than  the  former 
and  lesB  vitreous  than  the  latter.  Several  pearlstones  are 
almost  uodistjnguishabie  from,  fhe  'p\\.c\uAAii«&  q£  the   trap 
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group ;  but  it  is  better  to  limit  the  tenns  as  we  have  indi- 
cated— retaining  the  one  for  the  modem,  and  the  other  for  the 
more  ancient  compounds,  which  are  usually  duller  and  more 
resinous  than  vitreous  in  lustre,  and  embody  a  large  percent- 
age of  alumina.  Scortce,  cinders^  ashes,  and  the  like,  are  of  the 
same  mineral  composition  as  the  solidified  lava,  and  seem  to 
be  produced  by  the  explosive  force  of  steam  or  other  gases. 
These  scoriaceous  compounds  are  sometimes  light  and  cindery, 
like  those  found  floating  on  the  surface  of  lava-streams ;  at 
other  times  they  are  heavy  and  vitreous,  being  ejected  in  a 
stony  state,  and  when  the  fragments  are  of  some  size,  are 
known  as  volcanic  bombs,  and  when  minute  as  lapUlL  What 
is  termed  volcanic  sand  appears  to  be  finely  comminuted 
scoriae  (the  product  of  repeated  explosions),  and  is  found  in 
scattered  accumulations  in  almost  all  volcanic  districts.  Vol- 
canic dust,  ejected  from  active  craters,  and  often  carried  to 
great  distances  by  wind,  is  a  product  of  further  trituration, 
usually  tinged  with  iron,  and  capable  of  forming  a  pasty 
mass  with  water.  It  is  this  pasty  matrix  that  binds  to- 
gether scoriae,  sand,  lapilli  (small  stones),  and  the  like,  con- 
stituting what  are  then  known  as  volcanic  tufas,  breccias,  puoz- 
zolanas  (from  Puozzoli,  near  Naples),  and  the  tarras  or  trass 
of  Rhenish  Germany.  Volcanic  mud, — the  "moya"  of  the 
Spanish  Americans, — which  bubbles  out  from  many  fissures 
and  openings  (known  as  mud-volcanoes),  is  a  product  of  con- 
siderable magnitude  in  some  regions,  like  the  Andes ;  has  a 
foetid  sulphurous  odour;  and  in  cooling  and  solidifying  is 
often  found  to  contain  crystals  of  sulphur  and  gypsimi.  Jets 
of  hot  water  (like  the  geysers  or  "  roarers  "  of  Iceland),  and 
those  of  steam  (like  the  svffioni  of  Italy),  are  important  vol- 
canic demonstrations,  and  usually  contain  in  their  waters  solu- 
tions of  rock-substances,  as  silica,  lime,  borax,  &c. ;  while  the 
gaseous  discharges  (m^J^eti)  are  usually  carbonic  acid  gas,  sul- 
phuretted hydrogen,  and  sulphurous  acid.  Most  of  the  sul- 
phur of  commerce  is  derived  from  volcanic  districts ;  and  the 
sol/ataras,  or  sulphurous- vapour-springs,  are  amongst  the  most 
peculiar  and  persistent  of  their  phenomena.  One  of  the  most 
curious  and  abundant  of  rock-products  in  some  volcanic  regions 
is  that  known  by  the  name  of  pcdagonite  or  palagonite-tuff,  a 
soft,  greyish,  and  mud-like  mass — ^the  variety  from  Iceland 
being  described  as  a  compound  of  silica,  alumina,  sesqui-oxide 
of  iron,  lime,  magnesia,  potassa,  soda,  and  water,  and  so  soluble 
that  it  cannot  resist  the  action  of  the  weakeal  aev^,  axA  S& 
even  j^rtialljr  dissolved  by  water. 
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[M.  St  CWre  DerillB  has  recently  ahown  that  there  exista  a  lonatunt  and 
certain  i-elation  between  the  degree  of  Intensity  of  a  volcano  ia  action  and 
the  nature  of  the  volatile  elements  vomited  at  its  mouth :  Thne,  in  an 
eruption  of  maximum  intensity,  the  predominant  volatile  prodnct  ia  chlo- 
ride of  sodium,  accompanied  by  Balls  of  aoda  and  potaah ;  an  eruption  of 
the  second  order  givea  off  hydrochloric  acid  and  chloride  of  iron ;  one  of 
the  third  degree,  sulphuric  acid  and  salts  of  ammonia  ;  and  of  the  fonrUi 
or  most  feeble  phase.  Steam  only,  vith  carbonic  acid  Uld  t^  combustible 
gases.] 

127.  All  tbe  products  described  in  the  preceding  paragraph 
ate  found  less  or  more  in  every  volcanic  region ;  and  the  mode 
in  which  they  are  discharged,  their  varying  admixtures,  and 
the  different  appearances  they  assume,  according  to  the  rapi- 
dity or  slowness  with  which  they  are  cooled,  afford  highly 
instructive  lessons  to  the  geologist  Here  the  explosive  force 
of  highly-heated  vapours  and  molten  matter  breaks  through 
and  deranges  the  strata  of  the  cruet ;  there  lava  penetratea 
every  fissure,  or,  issuing  from  some  vent,  flows  down  the 
mountain-side,  filling  up  valleys,  damming'  up  river-channels, 
and  spreading  over  fertile  plains :  here  scoriaa  and  ashes  are 
showered  forth,  borne  abroad  by  winds,  and  scattered  over 
land  and  sea ;  there  heated  vapours  are  perpetually  exhaling 
from  rents  and  fissures,  and  incrusting  their  sides  with  mine- 
ral and  metallic  compounds.  Discharge  after  discharge  from 
volcanic  vents  gives  rise  in  time  to  mountains;  or,  if  spread 


tBm  overlaid  by  true  seili- 
1  of  aqueous  and  igneous 
unequally^ — here  forming 
,  tufa  ;  here  a  granular 
Bcarcely  distinguishable 
ft  «a  v^'QiaiMa  fortes  are 
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acting  at  the  present  day  under  the  eye  of  the  observer  in  the 
production  of  volcanic  rocks,  so  must  they  have  acted  in 
former  ages  in  the  production  of  trappean  and  granitic  com- 
pounds; with  this  difference,  that  many  of  the  latter  have 
been  formed  at  great  depths  and  under  great  pressure,  and 
have  subsequently  undergone  internal  changes  to  which  vol- 
canic or  subaerial  igneous  rocks  have  not  been  subjected. 

[The  mode  and  results  of  volcanic  action  are  very  instructively  described 
by  the  Rev.  T.  Coan  in  his  account  of  an  eruption  from  Mauna  Lea,  one  of 
the  active  cones  of  the  Sandwich  Islands.  The  eruption  took  place  during 
October  1856,  and  the  following  extracts  from  his  letters  cannot  fail  to 
impress  on  the  mind  of  the  student  the  magnitude  as  well  as  the  variety 
of  the  rocky  compounds  that  may  arise  from  a  single  lengthened  eruption  : 
"  A  fracture,  or  fractures,  occurred  near  the  summit  of  the  mountain, 
which  extended  in  an  irregular  line  from  the  terminal  point,  say  five  utiles, 
down  the  north-east  slope  of  the  mountain.  From  this  serrated  and  yawn- 
ing fissure,  from  two  to  thirty  yards  wide,  the  molten  flood  rushed  out  and 
spread  laterally  for  four  or  five  miles,  filling  the  ravines,  flowing  over  the 
plains,  and  covering  all  those  high  regions  from  10  to  100  or  200  feet  deep. 
Along  this  extended  fissure,  elongated  cones  were  formed  at  the  points  of 
greatest  activity.  These  cones  appear  as  if  split  through  their  larger 
diameter,  the  inner  sides  being  perpendicular  or  overhanging,  jagged,  and 
hung  with  stalactites,  draped  with  filamentous  vitrifications,  and  incrusted 
with  sulphur,  sulphate  of  lime,  and  other  salts.  The  outsides  of  these 
cones  are  inclined  planes,  on  an  angle  from  40"  to  60",  and  composed  of 
pumice,  cinder,  volcanic  sand,  tufa,  &c.  You  will  not,  however,  under- 
stand that  these  semi-cones  were  once  entire,  and  that  they  have  been  rent. 
They  are  simply  masses  or  ridges  of  cinder  and  dross  deposited  on  each 
side  of  the  fractures  where  the  action  is  greatest,  and  where  the  greatest 
amount  of  fusion  has  been  ejected.  These  ridges  or  scorified  heaps  and 
their  substrata,  together  with  the  immense  fields  of  refrigerated  and  un- 
even lavas  for  miles  around,  were  all  produced  by  ejections  or  overjlovntigs 
from  the  fissures  mentioned.     It  is  all  a  new  deposit. 

"  While  these  immense  floodings  were  going  on  laterally  around  the  vol- 
canic vents,  incandescent  streams  were,  of  course,  winding  their  way  down 
the  side  of  the  mountain.    These  fiery  streams,  when  united,  formed  a  river 
some  three  miles  wide  on  the  side  of  the  mountain,  and  in  the  plains  at  the 
base  of  the  mountain  it  spread  into  a  lake  or  sea  from  five  to  eight  miles 
broad.    Again  it  narrowed  to  two  or  three  miles  and  went  into  the  woods, 
winding  its  way  through  the  thicket,  contracting  and  expanding  and  eating 
the  jungle  till  it  came  within  five  miles  of  Hilo — making  in  all  a  lava  cur- 
rent (including  windings)  nearly  seventy  miles  long  !    Now,  after  you  leave 
the  region  of  open  fissures,  near  the  summit  of  the  mountain,  all  below 
appears  to  he  a  flow  on  the  swrface.     We  can  see  no  chasms  or  fractures  ex- 
cept those  always  found  in  the  surface-fiows.     There  is  no  visible  evidence 
tlmt  the  old  substrata  has  been  fractured,  except  on  the  higher  regions  of 
the  mountain.     The  whole  is  a  mere  surface-flow,  the  fused  la^a^  ^dva.^'^ 
way  under  cover  down  the  mountain-side,  and  without  s\i0vjvn%  \\.'a«^  ^\.  ^ 
single  point  save  at  the  forward  mai^fin.     The  proceaa  is  \i\wi%  *.  \«:<J«^ 
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flowing  on  the  surface  and  exposed  to  the  atmosphere,  unless  moving  with 
great  velocity,  as  down  steep  hills,  soon  refrigerate  on  the  surface,  as  water 
freezes  first  on  the  top.  This  hardened  surface  thickens,  until  it  extends 
downwards  i,  lo,  50,  100,  or  200  feet  as  the  case  may  be.  Under  this 
superstratum  the  lava  remains  liquid,  the  hardened  cover  protecting  the 
fused  stratum  from  the  refrigerating  influence  of  the  atmosphere,  and  thus 
facilitating  its  longitudinal  or  lateral  progress.  Consequently,  at  the 
termini,  and  sometimes  along  the  margin  of  the  hardened  stream,  you  see 
the  fusion  gushing  out  in  red  lines  and  points,  and  in  irregular  masses ; 
and,  where  the  ground  is  not  steep,  pushing  sluggishly  on,  like  the  creep- 
ing of  a  slug,  or  by  paroxysmal  throes.  When  lavas  refrigerate  through 
the  whole  stratum,  and  thus  rest  upon  an  ancient  or  previous  formation, 
they  form  dams  or  obstructions  which  divert  the  stream  of  lava  from  above, 
unless  this  obstruction  is  lifted,  broken  up,  tilted,  or  overflowed  by  fresh 
supplies  of  lava.  Down  the  steep  sides  of  the  mountain  such  obstructions 
occur  more  rarely  ;  consequently,  after  a  few  days  of  widespreading  over 
these  high  regions,  and  when  the  superficial  hardening  process  is  completed, 
the  lava  ceases  to  reach  the  surface,  either  at  the  fountain  or  down  the 
sides  of  the  mountain,  but  is  confined  to  channels,  mostly  covered  with 
fresh  solidified  lavas,  where  it  finds  a  free  and  rapid  passage  to  the  plains 
below.  Here  the  movement  is  slow,  the  obstructions  more  numerous,  and 
the  force  to  overcome  them  less  potent.  This  accounts  for  the  spreading 
laterally,  the  uplif  tings,  the  tiltings,  the  vertical  gushings,  the  submergings, 
the  fractures,  pits,  dams,  ridges,  little  cones,  and  the  ten  thousand  irregu- 
larities which  diversify  the  ever-changing  surface  of  lava- streams,  while  the 
fusion  is  struggling  to  work  its  passage,  or  to  keep  open  its  ever-choking 
channels  below— i.e.,  between  its  own  crust' and  the  former  surface  of  the 
earth.  I  have  seen  a  dome,  some  300  feet  in  diameter  at  its  base,  raised 
100  feet  high,  and  split  from  the  summit  in  numerous  radii,  through  which 
the  red  and  viscid  fusion  was  seen ;  and  I  have  mounted  to  the  top  of  such 
a  dome,  in  this  state,  thrust  my  pole  into  the  liquid  fire,  and  measured  the 
thickness  of  its  shell,  which  was  from  two  to  five  feet.  Now  this  dome, 
which  may  be  represented  by  an  egg  standing  on  its  larger  end,  was  full  of 
liquid  lava,  visible  and  tangible,  through  the  cracked  shell  of  which  you 
could  thrust  a  pole  to  great  depth  into  the  fusion.  This  dome,  with  thou- 
sands of  similar  ones  of  various  sizes,  was  formed  simply  by  hydrostatic 
pressure.  This  force,  and  that  of  vapours  formed  by  the  combustion  of 
vast  quantities  of  trees  and  other  vegetable  matter  submerged  by  the  min- 
eral river,  produce  the  marvellous  and  mighty  effects  seen  on  the  surface  of 
the  lava-streams." 

Again,  the  quieter,  but  not  less  important,  effects  of  mud-volcanoet  and 
sol/atarast  are  well  described  in  the  following  extract  from  Sir  Greoige 
Mackenzie's  *  Travels  in  Iceland  :'  "At  the  foot  of  the  Sulphur  Mountain, 
about  three  miles  from  Krisuvik,  was  a  small  bank,  composed  chiefly  of 
white  clay  and  some  sulphur,  from  all  parts  of  which  steam  issued.  As- 
cending it  we  got  upon  a  ridge  immediately  above  a  deep  hollow,  from 
which  a  profusion  of  vapour  arose,  and  heard  a  confused  noise  of  boiling 
and  splashing,  joined  to  the  roaring  of  steam  escaping  from  narrow  crevices 
in  the  rock.  Tliis  hollow,  together  with  the  whole  side  of  the  mountain  < 
opposite  as  far  as  we  could  see,  was  covered  with  sulphur  and  clay,  chiefly 
of  a  white  yellowish  colour,  and  formiug  a  ctv\s\.  tcora.  a.  t\uarter  of  an 
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inch  to  several  inches  in  thickness.  Walking  over  this  soft  and  steaming 
surface  we  found  to  be  very  hazardous.  The  chance  of  the  crust  of  sulphur 
breaking  or  the  clay  sinking  with  us  was  great,  and  we  were  several  times 
in  danger  of  being  much  scalded.  From  whatever  spot  the  sulphur  is  re- 
moved, steam  instantly  escapes ;  and  in  many  places  the  sulphur  was  so  hot 
that  we  could  scarcely  handle  it  From  the  smell,  I  perceived  that  the 
steam  was  mixed  with  a  small  quantity  of  sulphuretted  hydrogen  gas. 
When  the  thermometer  was  sunk  a  few  inches  into  the  clay,  it  rose  gene- 
rally to  within  a  few  degrees  of  the  boiling-point.  At  the  bottom  of  this 
hollow  we  found  a  caldron  of.  boiling  mud,  about  15  feet  in  diameter, 
similar  to  that  on  the  top  of  the  mountain,  which  we  had  seen  the  evening 
before ;  but  this  boiled  with  much  more  vehemence.  We  went  within  a 
few  yards  of  it,  the  wind  happening  to  be  remarkably  favourable  for  view- 
ing every  part  of  this  singular  scene.  The  mud  was  in  constant  agitation, 
and  often  thrown  up  to  the  height  of  six  or  eight  feet.  Near  this  spot  was 
an  irregular  space  filled  with  water  boiling  briskly  ;  and,  at  the  foot  of  the 
hill,  steam  rushed  with  great  force  from  among  the  loose  fragments  of 
rocks."] 


Distribution  and  Physical  Aspects. 

128.  Although  volcanic  rocks  are  unknown  in  the  British 
Islands,  they  occur  extensively  in  many  regions  of  the  globe ; 
geographers  enumerating  upwards  of  300  active  or  partially 
active  craters  of  eruption.     In  Europe  there  are  three  well- 
known  centres  of  igneous  action — viz.,  that  of  Italy,  to  which 
Etna  and  Vesuvius  belong;  that  of  Iceland  or  Hecla;  and 
that  of  the  Azores.     In  Asia  there  are  ample  evidences  of 
igneous  activity  along  the  borders  of  the  Levant,  the  Caspian, 
and  the  Eed  Sea ;  in  the  Indian  Ocean ;  throughout  the  whole 
of  the  Indian  Archipelago  ;  and  northward  through  the  Phil- 
ippine, Japan,  and  Aleutian  islands.     In  the  Antarctic  Ocean 
several  cones  of  active  eruption  were  discovered  by  our  voya- 
gers in  1841 ;  and  in  the  Pacific,  the  islands  of  New  Zealand, 
the  Sandwich  and  other  groups,  are  for  the  most  part  the 
results  of  volcanic  action.     In  the  Atlantic,  the   Canaries, 
Cape  de  Verd,  Ascension,  and  other  islands  skirting  the  west- 
em  coast  of  Africa,  are  well-known  seats  of  igneous  action ; 
while  in  the  West  Indies,  and  along  the  entire  continent  of 
America,  from  the  islands  of  Tierra  del  Fuego  (Land  of  Fire) 
northward  through  the  Andes  and  Mexican  mountains,  are 
nTimerous  volcanic  vents  in  a  state  of  greater  or  less  activity. 
In  these  centres  of  igneous  action  many  of  the  volcanoes  seem 
t»  be  extinct ;  some  are  merely  smouldering  or  dormant ;  "wbiL^ 
others  are  incessantly  active,  either  ejecting  rocky  ToaAX-et  Vtoxa. 
their  craters,  or  rending  the  surrounding  cowntry  \i7  earcXJa.- 
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quake  convulsions.  On  the  geographical  features  of  existing 
volcanes,  however,  we  need  not  here  enter,  as  these  will  receive 
more  detailed  description  when  we  come  to  treat  of  the  Post- 
tertiary  or  Recent  Accumulations.     (Chap.  XX.) 

[The  following  arrangements,  taken  in  connection  with  the  accompany- 
ing Sketch-Map,  may  convey  to  the  student  a  general  idea  of  the  disposition, 
the  lines  and  centres,  of  existing  igneous  activity,  i.  AUmg  the  borders  of 
the  Pacific : — Throughout  the  entire  length  of  the  Andes  from  Tierra  del 
Fuego  northwards ;  in  Central  America ;  Mexico ;  Oregon ;  the  Aleutian 
Islands ;  Kamtschatkan  peninsula ;  the  Kuriles ;  Japan  group ;  Philip- 
pines ;  East  India  Islands ;  New  Guinea ;  East  coast  of  Australia  and 
New  Zealand.  2.  Over  the  Pacific : — In  the  Sandwich  Islands  ;  Friendly 
Islands ;  Fejees ;  Santa  Cruz  group ;  New  Hebrides ;  and  the  Ladrones. 
3.  Over  the  seas  that  lie  between  the  northern  and  southern  continents,  and 
adjacent  regions: — West  India  Islands;  the  Mediterranean  and  its  borders; 
the  southern  borders  of  the  Caspian  and  eastward ;  and  the  East  Indian 
Archipelago  as  lying  between  Asia  and  Australia.  4.  In  the  Indian  Ocean : 
— Bourbon  and  the  Mauritius ;  Comoro  group ;  and  Madagascar.  5.  In 
the  Atlantic : — St  Helena ;  the  Cape  Verdes  ;  Canaries ;  Madeira ;  Azores ; 
and  Iceland. 

It  may  also  be  noted  that  the  interiors  of  the  great  continental  masses 
both  in  the  Old  and  New  Worlds  are  still  and  quiescent ;  that,  on  the  whole, 
igneous  activity  manifests  itself  at  present  most  abundantly  in  the  northern 
hemisphere ;  that  it  seems  to  be  on  the  decline  in  the  Indian  Archipelago ; 
and  that,  so  far  as  observation  goes,  it  appears  to  be  on  the  increase  along 
the  shores  of  the  North  Pacific] 


Industrial  Products. 

129.  In  an  industrial  point  of  view,  volcanic  products  are 
of  considerable  importance.  As  already  mentioned,  all,  or 
nearly  all,  the  sul'phur  of  commerce  is  derived  from  volcanic 
districts — Sicily  alone  yielding  upwards  of  80,000  tons  a-year. 
Several  of  the  lavas  make  a  light  and  durable  building-stone ; 
some  of  the  tougher  and  more  granular  varieties  (like  that  of 
Andemach  on  the  Ehine)  are  used  for  milling  and  triturating 
purposes ;  while  some  of  the  finer  and  more  compact  sorts  are 
cut  and  polished  for  ornamental  purposes  like  marble.  Pumice 
has  been  long  used  as  a  polishing  or  rubbing  stone,  and  for 
that  purpose  many  hundreds  of  tons  are  annually  collected  at 
a  rate  varying  from  j£6  to  ;^io  a-ton  according  to  quality. 
Obsidian  was  used  by  the  ancients  for  looking-glasses ;  and 
the  natives  of  various  regions  have  used  it,  as  our  foiefathers 
used  Bhita,  for  knives,  arrow-heads,  hatchets,  and  other  cutting 
instruments.     Fuozzolana  (wl;dc\i  "b^  aoma  \a  x^^tded  as  an 
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altered  felspathic  tufa)  has  been  long  employed  in  the  manu- 
facture of  Roman  or  hydraulic  cement,  a  use  to  which  the 
analogous  trass  of  the  Ehine  has  also  been  applied.  Besides 
sulphur,  sal-ammoniac  and  borax  may  be  regarded  as  volcanic 
products — ^the  former  being  found  in  most  igneous  districts, 
and  the  latter  being  produced  by  hot  springs,  like  the  lagoons 
of  Tuscany,  which  yield  more  than  1000  tons  annually  of 
crystallised  boracic  acid.  Like  the  trap-rocks,  many  of  the 
older  lavas  yield  agates,  chalcedony,  leucite,  spinelle,  olivine, 
and  other  precious  minerals ;  while  some  of  them  are  metal- 
liferous,  and  contain,  though  seldom  in  available  quantities, 
iron,  titanium,  manganese,  copper,  mercury,  and  gold. 


NOTE,   RECAPITULATOKY  AND   EXPLANATORY. 

130.  The  products  described  in  the  preceding  chapter  con- 
stitute one  of  the  great  divisions  into  which  the  rock-masses 
of  the  globe  have  been  arranged.  Though  containing  no  fossil 
record  (except  in  a  few  rare  instances  to  be  afterwards  noticed) 
of  the  kind  of  plants  and  animals  which  have  successively 
peopled  the  earth — and  in  this  respect  of  less  value  in  ena- 
bling us  to  decipher  its  history — they  are  still  important  mon- 
uments of  past  change;  monuments  in  which  we  can  trace 
the  features  of  the  world's  former  surface — its  alternations  of 
hill  and  valley,  of  sea  and  land,  and  of  many  of  those  exter- 
nal conditions  which  give  character  and  colouring  to  organic 
life.  In  this  respect  they  are  of  prime  importance ;  and  it  is 
only  by  studying  their  relations  to,  and  the  manner  in  which 
they  have  affected,  the  stratified  rocks,  that  we  can  ever  hope 
to  "Live  many  of  the  most  intricate'  problems  in  geolo^ 
Their  arrangement  into  Granitic,  Trappean,  and  Volcanic, 
though  partaking  more  of  a  mineralogies!  than  of  a  geological 
distinction,  is  not  without  its  value,  so  long  as  the  student 
remembers  tbat  granite,  though  the  deepest-seated  igneous 
rock,  may  also  be  associated  with  strata  of  all  ages,  and  that 
trap-roc^  though  most  abundantly  developed  during  the  sec- 
ondary period,  may  also  be  foimd  in  connection  with  strata  of 
the  earliest  epochs.  Bearing  in  mind  these  facts,  and  remem- 
bering also  how  similar  many  of  these  rocks  are  in  mineral 
composition — silica,  alumina,  Hme,  magnesia,  soda,  and  potash 
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being  the  chief  constituents  of  all  of  them ;  and  further,  that 
they  all  occur  in  connection  with  the  stratified  formations — as 
disrupUng,  overlying,  interstratijied,  or  intntnve  masses — the 
student  will  readily  perceive  that  it  is  chiefly  in  their  mineral 
and  mechanical  barings  that  he  has  to  deal  with  them.  Thus, 
the  granitic  masses  are  never  scoriaceous  and  cellular  like 
recent  volcanic  rocks,  nor  are  they  ever  earthy  and  amygda- 
loidal,  like  many  of  the  trappean  compounds.  The  trap-rocks, 
as  a  whole,  are  less  f  elspathic  than  the  granites  and  porphyries, 
and  exhibit  a  greater  tendency  to  structural  arrangement  than 
either  granitic  or  volcanic  products;  while  the  volcanic  are 
decidedly  more  cellular,  slsig-like,  and  vitreous,  than  either 
the  granites  or  traps. 

131.  Touching  the  structural  development  of  the  trap-rocks 
(the  spherical,  columnar,  tabular,  and  other  arrangements),  it 
may  be  here  briefly  remarked  that  they  all  seem  to  be  the 
results  of  one  process — namely,  that  of  cooling  or  crystallisa- 
tion on  the  large  scale.  The  sphere  or  radiated  globule  appears 
to  be  the  primary  form,  and  we  can  demonstrate  by  experi- 
ment that  such  incipient  globules  will  arrange  themselves  in 
columns  more  or  less  distinct,  in  tabular  masses,  or  in  distinct 
spherical  concretions  according  to  the  pressure  and  mode  of 
cooling  to  which  the  molten  mass  has  been  subjected.  Take, 
for  example^  a  mass  of  putty  pellets,  and  subject  them  to 
varying  degrees  of  lateral  and  vertical  pressure,  and  it  will  be 
found  on  removing  the  pressure  that  they  have  arranged  them- 
selves in  columnar  and  jointed  order,  precisely  sinmar  to  the 
five  and  six  sided  basaltic  columns  of  the  Giant's  Causeway. 
It  matters  not  whether  the  interfering  force  be  pressure  from 
without^  unequal  contraction  of  the  mass,  or  expansion  from 
within,  the  result  will  be  the  same ;  and  just  in  proportion  as 
these  have  been  applied,  so  will  there  arise  columns,  tabular 
masses,  or  spherical  concretions.  It  is  a  common  error  to  sup- 
pose that  the  columnar  structure  should  be  always  perpendi- 
cular or  nearly  so ;  the  fact  being,  that  basaltic  columns  are 
found  lying  in  every  direction — ^vertical,  inclined,  and  hori- 
zontal The  general  arrangement  of  the  columns  is  at  right 
angles  to  the  cooling  surface ;  hence  the  horizontal  columns  of 
ba»ELltic  dykes — ^these  ranging  at  right  angles  to  the  cooling 
walls  of  the  fissures  through  which  the  molten  mass  has  been 
ejected;  and  hence  also  their  convergence  to  central  points 
(in  radiated  form),  when  surrounded  on  all  sides  by  a  mass 
of  cindery  or  scoriaceous  matter. 

132.  Arranging  the  igneous  or  pyrogenous  rocks  under  the 
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great  divisions  of  Granitic,  Trappean,  and  Volcanic,  we  liave 
under  each  the  following  varieties,  with  which  the  geological 
student  should  early  endeavour  to  make  himself  familiar : — 

Granitio. — Granite  proper,  graphic  granite ;  porphyritic  granite,  syenite, 
syenitic  granite,  hypersthenic  granite  \  protogine ;  pegmatite,  hornblende 
rock,  hypersthene  rock  ;  primitive  or  syenitic  greenstone ;  and  the  various 
felspathic  compounds  known  as  granitic  porphyries.  The  accidental  min- 
erals or  crystals  occurring  most  abundantly  in  granitic  rocks  are — glassy 
felspar,  rock-crystal,  and  its  coloured  varieties,  amethyst,  cairngorm,  &c., 
schorl,  tourmaline,  beryl,  emerald,  garnet,  &c. 

Trappean. — ^Basalt,  clinkstone,  basaltic  clinkstone  (dolerite),  greenstone 
(diorite),  greenstone  -  porphyry ;  compact  felspar,  felstone,  felstone  -  por- 
phyry; pitchstone,  pitchstone-porphyry ;  amygdaloid,  trap-tuff,  wack^, 
trap-breccia,  and  trap-agglomerate.  The  accidental  and  embedded  minerals 
are — ^hornblende,  augite,  olivine,  agate,  chalcedony,  jasper,  and  a  numerous 
class  having  a  fibrous,  radiated  aspect,  known  as  zeolites,  mesotypes,  preh- 
nites,  kc, 

VoLOANio.— Lava,  basaltic  lava,  trachyte  or  greystone ;  obsidian,  pearl- 
stone,  pumice ;  tufa ;  scorise,  ashes,  volcanic  sand,  dust ;  puozzolana,  trass ; 
palagonite  and  silicious  sinter  from  hot  springs ;  sulphur,  boracic  acid, 
carbonic  acid,  and  sulphuretted  hydrogen.  The  accidental  or  embedded 
minerals  are — leucite,  Vesuvianite,  calc-spar,  rock-crystal,  mesotype,  anal- 
cime,  &c. 

Theories  of  Volcanic  Action. 

133.  Eespecting  the  origin  of  the  pyrogenous  rocks,  or 
rather  the  cause  of  igneous  action,  with  all  its  attendant 
phenomena  of  volcanoes,  earthquakes,  and  other  subterranean 
movements,  geologists  are  by  no  means  agreed.     Some  of  the 

'  earlier  geologists  (Brieslac)  attributed  it  to  the  spontaneous 
combustion  of  sulphurets  in  the  crust  of  the  earth,  and  others 
(Lemery)  to  the  spontaneous  combustion  of  sulphurets  in 
conjunction  with  bitumens ;  but  these  sources  of  heat  are  by 
far  too  local  and  limited  to  account  for  the  magnitude  and 
universality  of  volcanic  action  and  its  attendant  phenomena. 
The  two  most  prevalent  hypotheses  are  what  have  been  termed 
the  chemical  and  mechanical — ^the  former  endeavouring  to 
account  for  the  phenomena  on  chemical  principles,  the  latter 
ascribing  them  to  some  original  source  of  heat  within  the 
interior  of  our  planet.  By  the  latter  hypothesis  it  is  assumed, 
chiefly  on  the  ground  of  increasing  temperature  as  we  descend 
iDto  the  crusty  that  the  interior  of  the  globe  is  in  a  state  of 

liigh  incandescence  or  molten  {Lm^\»y\  t\i^t  the  cooled  or 
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rocky  exterior  is  of  inconBiderable  and  varying  thickness ;  and 
that  this  crust  is  extensively  cavernous,  rent,  and  fissured 
— ^primarily  by  unequal  contraction  from  cooling,  and  subse- 
quently by  subterranean  agitations.  As  this  cooling  process 
must  be  still  going  on,  however  slowly,  the  least  contraction 
of  the  crust — even  to  the  fraction  of  an  inch — ^would  be  suffi- 
cient to  squirt  out  molten  rock-matter  from  a  hundred  pores 
or  craters.  Water  also  finds  its  way  through  the  fissures  of 
the  crust,  and,  coming  in  contact  wim  the  heated  mass  within, 
generates  steam  and  other  gases;  and  these,  exploding  and 
struggling  to  expand,  produce  earthquakes  and  agitations, 
which  are  rendered  more  perceptible  by  the  cavernous  and 
fissured  condition  of  the  crust,  and  the  yielding  material 
upon  which  it  rests — ^the  thin  rocky  film — undulating  and 
rending  like  a  sheet  of  ice  on  the  surface  of  agitated  water. 
Occasionally  the  heated  vapours  make  their  way  through 
fissures  and  other  openings,  as  gaseous  exhalations,  or  as  hot 
springs  and  jets  of  steam  and  water,  carrying  with  them 
various  sublimations  and  solutions  of  the  rocks  through 
which  they  pass.  On  the  other  hand,  when  the  expansive 
forces  within  become  so  powerful  as  to  break  through  the 
earth's  crust,  discharges  of  melted  rock-matter  (lava),  red-hot 
stones,  ashes,  dust,  steam,  and  other  vapours  follow;  and 
repetitions  of  such  discharges  at  longer  or  shorter  intervals 
gradually  form  volcanic  cones ;  and  lines  and  centres  of  such 
activity  produce,  in  course  of  ages,  mountain  groups  and 
ranges.  It  does  not  follow,  however,  that  volcanic  discharges 
must  always  take  place  at  the  point  where  the  greatest  ex- 
ternal contraction  or  internal  pressure  is  exerted;  on  the 
contrary,  the  molten  mass  will  obey  the  law  of  hydrostatic 
pressure,  and  be  propelled  to  whatever  craters  or  fissures  may 
already  exist,  lliis  so-called  "  mechanical  **  theory  of  central 
heat  is  further  supported  by  the  occurrence  of  igneous  phe- 
nomena in  every  region  of  the  globe,  and  by  the  fact  that 
most  volcanic  centres  are  in  intimate  connection  with  each 
other — a  commotion  in  one  district  being  usually  accompanied 
by  similar  disturbances  in  another.  It  is  sometimes  objected 
to  this  hypothesis,  that  if  all  the  igneous  rocks  proceed  from 
a  common  source,  there  ought  to  be  a  greater  uniformity 
among  them  in  composition  and  aspect ;  but,  on  the  whole, 
there  is  really  a  great  similarity  in  composition — ^all  being 
varying  compounds  of  silica,  alumina,  lime,  mtagneaia^  «^^ 
and  potash — ^and  there  is  nothing  in  their  diKeceiiXi  ixmi^'c^ 
ispects  that  may  not  be  accounted  for  by  pxeaawi^,  xa.^Hi^'i^*! 
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or  slowness  of  cooling,  fusion  and  re-fosion,  and  commingle- 
ment  with  the  melted  matter  of  the  stratified  rocks  through 
which  the  eruptions  take  place. 

134.  Turning  now  to  liie  chemical  hypothesis,  we  find  that 
while  it  offers  no  opinion  as  to  the  original  igneous  condition 
of  the  globe,  it  endeavours  to  account  for  volcanic  phenomena 
by  appeals  to  chemical  actions  and  reactions  now  taking  place 
among  the  materials  composing  the  rocky  crust  The  metallic 
bases  of  the  alkalies  and  earth,  as  potassium,  sodium,  calcium, 
ifec,  the  moment  they  come  in  contact  with  water,  are  decom- 
posed with  an  evolution  of  intense  heat ;  and  this  heat,  it  is 
contended,  is  sufficient  to  fuse  rocks,  convert  water  into  steam, 
and  give  rise,  by  mutual  decompositions,  to  escapes  of  carbonic 
acid,,  sulphuretted  hydrogen,  and  other  gases.  This  hypothe- 
sis proceeds,  of  course,  upon  the  supposition  that  such  metallic 
bases  exist  within  the  globe,  where  water,  finding  its  way  to 
them  through  chinks  and  fissures,  unites  and  causes  the  phe- 
nomena in  question ;  and  it  also  presumes  their  universality 
and  abundance  to  account  for  the  prevalence  of  igneous 
action  in  all  time,  past  as  well  as  present.  This  theory  offers 
no  opinion  as  to  the  gradual  cooling  of  the  globe  from  a  state 
of  fusion,  but  strives  to  elicit  the  continuous  operation  of 
natural  laws,  rather  than  appeal  to  original  conditions  of 
which  we  know  so  little  by  direct  induction.  Of  the  two 
hypotheses  it  is  certainly  the  more  philosophical,  as  admitting 
in  nature  a  perpetual  power  of  renewal  of  the  same  pheno- 
mena from  her  own  inherent  materials,  instead  of  appealing 
to  an  exhaustible  source,  such  as  an  original  igneous  state  of 
the  globe  necessarily  implies :  but  as  yet  our  knowledge  of 
the  earth's  crust  at  great  depths  is  too  limited;  we  know  too 
little  of  the  chemical  and  magnetic  operations  which  may  be 
going  forward  among  its  rocks;  and  we  are  too  slenderly 
acquainted  with  the  transpositions  which  may  take  place 
among  its  metals  and  minerals,  to  accept  the  chemical  theory 
as  adequate  to  account  for  the  magnitude  of  the  phenomena 
in  question.  It  is  true  there  occurs  nothing  among  the  pro- 
ducts of  volcanoes  at  variance  with  its  assumptions ;  but  the 
magnitude,  the  universality,  and  the  apparent  greater  extent 
of  igneous  action  in  earlier  geological  times,  would  seem  to 
point  to  a  more  general  and  uniform  source — ^that  source, 
according  to  the  prevalent  geological  belief,  being  the  original 
interior  molten  mass  of  the  globe,  around  which  time  and 
external  conditions  have  gathered  a  cooled  and  solid  crust  of 
heterogeneous  rock-material. 
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135.  Another  point  connected  with  the  history  of  volcanoes 
— and  one  which  has  recently  given  rise  to  much  discussion 
— ^is  that  which  involves  the  so-called  theories  of  "craters 
of  elevation "  and  "  craters  of  eruption."  Till  of  late  years 
volcanic  cones  and  craters,  whether  large  or  small,  were  gen- 
erally regarded  as  the  results  of  eruptions  from  within — the 
ejected  matters  gradually  accumulating  in  form  more  or  less 
conical  round  the  crater  or  outlet  of  eruption.  This  view  has 
been  opposed  chiefly  by  Humboldt,  Von  Buch,  Eli6  de  Beau- 
mont, and  Dufr^noy,  who  denied  that  volcanic  mountains 
have  been  formed  by  the  accumulation  of  erupted  matters, 
and  attribute  them  solely  to  a  sudden  "bubble-shaped  ex- 
pansion or  swelling -up"  of  the  earth's  crust  —  the  bubble 
sometimes  bursting  at  top,  and  then  bearing  its  broken  sides 
tilted  up  around  a  hollow  (elevation  crater).  On  the  other 
hand,  Lyell,  Prevost,  Scrope,  and  many  others,  contend  for 
the  "  eruptive  -  crater "  theory,  and  maintain  that  the  char- 
acters of  all  volcanic  mountains  and  rocks  are  simply  and 
naturally  to  be  accounted  for  by  their  eruptive  origin — the 
lavas  and  fragmentary  matters  accumulatine;  round  the  vent 
in  forms  detemuned  in  a  great  degree  by  the  more  or  less 
imperfect  fluidity  of  the  former,  the  less  fluid  (trachytic  lava) 
cooling  in  domes  and  ledges  right  over  and  around  the  crater, 
the  more  fluid  (basaltic  lava)  passing  down  moderate  de- 
clivities, and  spreading  to  great  distances.  Like  most  other 
disputed  points  in  geology,  there  is  much  of  both  theories 
that  must  be  accepted  to  account  fully  and  fairly  not  only 
for  isolated  cones  (which  are  in  the  main  composed  of  erupted 
matters),  but  also  for  mountain-chains  whose  chief  features 
and  lines  of  direction  are  evidently  produced  by  upheaval 
and  other  internal  movements  of  the  earth's  solid  crust.  In 
fact,  upheaval  and  eruption  are  ever  concomitant  causes,  or 
rather  they  are  varied  expressions  of  the  same  force ;  and  to 
attempt  to  dissociate  them  because  one  cone  is  chiefly  com- 
posed of  "erupted"  matter,  and  another  of  "upheaved" 
strata,  is  certainly  not  the  most  approved  mode  of  arriving 
at  the  "  true  causes  "  of  geological  phenomena. 

136.  Touching  the  intensity  of  vidcanic  action,  opinion  is 
somewhat  vague  and  indefinite.  During  convulsions  and 
eruptions,  the  imagination  of  the  observer  is  apt  to  magnify ; 
hence,  these  phenomena  are  described  as  "dreadful,"  "  terrible," 
"  overwhelming,"  &c.— merely  giving  expression  to  his  own 
sensations  on  the  occasion.  Science,  however,  demands  some- 
thing more  definite.     We  have  already  seen  M.  St  Clair 
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Deville^s  degrees  of  intensity  as  applicable  to  the  eruptions 
of  Yesuvius,  and  which  may  be  taken,  without  much  error, 
as  the  general  scale  of 

Volcanic  Intensity, 

I.  Emission  of  steam,  carbonic  acid,  and  inflammable  gases, 
a.  Sulphuric  add  and  salts  of  anmionia. 

3.  Hydrochloric  acid  and  chloride  of  iron. 

4.  Chloride  of  sodium  and  salts  of  potash  and  soda. 

The  seismometer  (Gr.  seismos,  shock,  metron,  measure)  indi- 
cates accurately  the  intensity  of  the  earthquake  shock,  but  as 
it  is  not  always  available,  the  following  scale  by  Yon  Tschudi, 
who  has  long  studied  the  subject  in  Peru  and  Chili,  may  be 
of  use  to  the  general  observer : — 

Harihquake  Intensity, 

I.  Low  rambling  sound  and  faint  tremor. 

a.  Undulation  or  wave-like  motion  of  the  crust. 

3.  Sudden  shock  and  roll  of  the  crust. 

4.  Sudden  stroke  and  up-lift— up-throw  and  down-throw,  in  short  sharp 

shocks. 

5.  Gyratory  or  screw-like  motion — ^backwards  and  forwards — "reeling 

toand&o." 

137.  The  limited  extent  of  an  elementary  work  prevents 
further  discussion  of  these  interesting  topics ;  but  the  student 
may  rest  assured  that  there  are  few  departments  more  worthy 
of  his  attention,  and  none  at  present  less  pursued,  than  the 
study  of  the  igneous  rocks,  and  the  causes  which  have  led  to 
their  production.  Should  he  be  inclined  to  follow  the  subject 
more  in  detail,  he  cannot  avail  himself  of  higher  help  than 
the  *  Physical,  Chemical,  and  Geological  Eesearches '  of  Pro- 
fessor Bischoff  of  Bonn,  the  *  Treatise  on  Yolcanoes '  by  Dr 
Daubeny  of  Oxford,  Scrope's  *  Geology  and  Extinct  Yolcanoes 
of  Central  France,*  and  Darwin's  'Geological  Observations 
on  Yolcanic  Islands.'  Touching  the  special  subject  of  the 
"eruption"  and  "elevation"  ^eories,  he  may  consult  the 
admirable  paper  of  Sir  Charlies  Lyell  in  the  '  Eoyal  Society's 
Transactions'  for  1859,  and  Scrope's  recent  work  *0n  Vol- 
canoes.' For  a  description  of  the  mere  rock-products,  Cotta's 
'Lithology,'  or  any  modem  treatise  on  mineralogy,  may  be 
consulted  with  advantage. 
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THE  METAMORPHIC  OR  HYPOZOIC  SYSTEM  : 

EMBRACINO — I,   THE  GNEISS  ;   2,  QUABTZ-BOCK  ;  3,  MICA- 
SCHIST  ;  AND,   4,   CLAY-SLATE  GBOUPS. 

138.  Without  adhering  to  the  common  belief  that  granite 
forms  the  floor  or  basis  on  which  all  the  stratified  systems  re- 
pose, it  [may  at  least  be  confidently  asserted  that  it  is  older 
than  the  oldest  known  strata — these  frequently  embedding  its 
water-worn  pebbles,  which  must  have  been  dropped  amongst 
them  while  in  a  state  of  soft  sedimentary  matter.     Granitic 
compounds  also  upheave  and  break  through  the  lowest  strata, 
and  in  this  sense  are  certainly  under-formed  or  deeper-seated 
than  any  other  rocks  with  which  we  are  yet  acquainted.     For 
the  granites  and  highly  crystalline  strata,  Sir  Charles  Lyell 
proposed  the  term  Hypogene^  or  under-formed  (Gr.  hypo,  under, 
&nd  gmomai,  I  am  formed);  but  as  granite,  in  its  eruptive 
character,  is  .altogether  a  different  rock  from  gneiss,  mica- 
schist,  serpentine,  and  crystalline  limestone,  which  are  never 
emptiye,  ^e  term  appears  inapplicable,  and  if  to  be  used  at 
^  must  be  restricted  to  granitic  compounds,  whether  erup- 
tive or  of  doubtful  origin.     It  may  be  quite  tru^  that  gneiss 
and  mica-schist^  if  subjected  to  heat  and  pressure,  would,  in 
pnxiess  of  time,  become  imdistinguishable  from  some  "^^.tYfo^A!^ 
^^  granite ;  and  that  sandstones  and  shales,  if  sub^ecX^edi  \a  X\i<& 
^^Bagendea,  would  assume  a  ciystalline  aspect.    TVna,\iQrW' 
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ever,  is  merely  saying  that  mechanically-sediinentary  rocks 
have  been  converted  by  heat  into  crystalline  compounds ;  and 
that  crystalline  compounds  have  been  changed  by  the  same 
process  into  pyrogenous  masses.  We  must  draw  a  line  of  dis- 
tinction somewhere — and  whether  granite  may  have  once  been 
crystalline  schists  or  crystalline  schists  sedimentary  strata,  we 
have  now  the  facts  presented  to  our  observation,  that  eruptive 
granitic  rocks  are  clearly  separable  as  a  group  from  the  crys- 
talline schists  that  repose  upon  them,  in  stratiform  arrange- 
ments, and  are  never  eruptive.  Assuming,  then,  that  the 
granitic  rocks  already  described  constitute  the  true  hypogevu 
group,  that  they  immediately  underlie  and  are  intimately  asso- 
ciated with  the  lowest  stratified  schists,  we  obtain  a  starting- 
point  in  the  crust,  from  which  to  commence  an  intelligible 
description  of  the  systems  that  follow. 

139.  The  crystalline  schists — gneiss,  mica-schist,  &c — ^are 
frequently  grouped  as  the  Nonrfosdliferoua  aysterny  from  their 
containing  no  remains  of  plants  or  animals,  so  far  as  the  geo- 
logists have  been  enabled  to  discover.     For  the  same  reason 
they  have  been  termed  Azoic^  or  destitute  of.  life  (Qr.  a,  with- 
out, and  20^,  life),  in  contradistinction  to  the  upper  systems, 
which  are  all  less  or  more  fossiliferoUs.     As  this  distinction, 
however,  is  founded  solely  on  negative  evidence,  and  as  fossils 
may  yet  be  discovered  in  some  portion  of  these  rocks,  which 
in  many  tracts  are  evidently  metamorphosed  SUurian  and  Cam- 
brian strata,  it  is  thought  better  to  employ  the  term  Hyyozcic 
(Gr.  hyjf>Oy  under,  and  zoe^  life),  which  merely  indicates  that 
the  system  lies  under  all  those  that  are  known  to  be  unmis- 
takably fossiliferous.     The  name  Metamorphic  refers,  on  the 
other  hand,  to  its  mineral  characteristics,  and  implies  that  the 
original  structure  and  texture  of  its  rocks  have  undergone 
some  mineral  change  or  metamorphosis.     At  present  these 
rocks  are  all  less  or  more  crystalline ;  their  lines  of  stratifica- 
tion are  often  obliterated,  or  but  faintly  perceptible ;  they  are 
often  cleaved,  flexured,  foliated,  and  crumpled;   and   their 
whole  aspect  is  very  different  from  what  is  usually  ascribed 
to  rocks  originaUy  deposited  in  water.    This  change  may  have 
been  brought  about  (as  will  be  seen  in  the  Recapitulation)  by 
heat  and  pressure,  by  hydrothermal  action — ^that  is,  heat  in  the 
wet-way— or  it  may  be  by  some  peculiar  chemical  change 
among  the  particles  of  which  the  rocks  are  composed.     In 
whatever  way  the  metamorphosis  has  been  effected,  we  see 
clearly  that  a  change  has  taken  place  in  the  original  sediment- 
ary character  of  the  strata,  and  that  matter  which  at  first  con- 
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sisted  of  water-worn  debris — as  silt,  clay,  and  sand — ^has  now 
been  converted  into  hard,  shining,  and  crystalline  rocks.  It 
mnst  be  remembered,  however,  that  though  mineral  metamor- 
phism  is  peculiarly  the  characteristic  of  tMs  set  of  strata,  it  is 
by  no  means  confined  to  gneiss  and  mica-schist ;  for,  as  we 
shall  afterwards  see,  many  sandstones  of  the  latter  systems 
have  been  converted  into  quartzite  or  quartz-rock,  many  shales 
into  jaspery  homstones,  earthy  limestones  into  sparkling  sac- 
charoid  marbles,  and  soft  bituminous  coals  into  anthracite 
and  graphite.  In  fact,  wherever  heat,  pressure,  and  chemical 
agency  are  present  in  any  notable  degree,  there  will  mineral 
metamorphism  manifest  itself — consolidating,  crystallising,  and 
altering  the  molecular  arrangement  of  all  sedimentary  strata, 
and  this  in  proportion  to  the  intensity  of  the  agencies  at  work, 
and  the  length  of  time  these  agencies  have  been  in  operation. 
According  to  this  view,  some  of  the  less  altered  portions  of  the 
MetamorpJdc  system  may  be  yet  found  to  be  fossilif erous ;  and 
if  so,  such  portions  would  be  separated  from  the  group,  and 
classed,  according  to  the  nature  of  the  fossils,  either  with 
some  known  system,  or  erected  into  a  separate  system."  It 
was  In  this  way,  as  Tvill  afterwards  be  seen,  that  the  Cambrian 
and  Silurian  systems  were  elaborated  from  the  Transition  rocks 
of  the  earlier  geologists,  and  more  recently  the  Laurentian 
from  the  Metamorphic. 

140.  Looking  at  these  facts,  the  question  naturally  arises, 
If  gneiss,  quartzite,  and  micsrschist  be  indeed  metamorphosed 
aqueous  strata,  may  they  not  have  been  originally  fossUif erous 
— ^the  fossils  being  now  obliterated  by  the  crystalline  meta- 
morphosis )  All  that  can  be  said  in  reply,  in  the  present  state 
of  our  knowledge,  is  simply  that  no  decided  organic  remains 
have  yet  been  detected  in  these  schists ;  and,  judging  from 
the  obscure  traces  of  fossils  in  altered  secondary  rocks,  there 
is  little  hope  of  ever  obtaining  evidence  of  organic  life  in  the 
more  ancient  and  highly  crystalline  strata.  The  effect  of  such 
a  discovery  would,  no  doubt,  greatly  modify  our  views  of  Life 
and  development,  by  carrying  us  immeasurably  farther  into 
the  past — ^but  this  would  be  all ;  it  would  overturn  no  truth 
already  established,  nor  interfere  with  our  schemes  of  classi- 
fication so  long  as  we  regard  the  rocks  of  which  we  are  now 
treating  simply  as  "  metamorphic,"  throwing  aside  all  other 
views  which  imply  either  the  probable  presence  or  absolute 
absence  of  organic  remains.  It  is  in  this  provisional  view  that 
we  shall  now  treat  them,  frankly  admitting  that  geology  is  not 
yet  in  a  position  to  speak  dogmatically  on  the  subject ;  and 
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less  SO  since  the  discovery  (to  be  afterwards  noticed)  of  or- 
ganic remains  in  the  serpentines  and  serpentinous  limestones 
of  Canada  and  the  St  Lawrence. 


I. — GNEISS,    QUAETZITE,   AND  MICA-SCHIST. 

141.  We  arrange  these  groups  under  one  head,  for  this  rea- 
son, that  though  there  is  often  a  sufficient  mineral  distinction 
between  them  when  viewed  on  a  large  scale,  there  is,  after  all, 
very  little  difference  in  their  geological  character  and  histoiy. 
In  whatever  state  of  aggregation  the  particles  of  Gneiss  may 
have  been  when  originally  deposited,  we  now  know  that  it  is 
a  hard,  tough,  crystalline  rock,  exhibiting  curved  and  flexured 
lines  of  stratification,  and  composed  in  the  main  of  quartz, 
felspar,  mica,  and  occasionally  hornblende.     Mineralogically 
speaking,  it  differs  from  the  granitic  rocks  with  which  it  is 
associated  chiefly  in  this,  that  while  the  crystals  of  quartz, 
felspar.  &c.,  are^distinct  and  entire  in  granit?  in  gnei^  t^ 
are  indistinct  and  confusedly  aggregated.     There  is  also  this 
essential  distinction,  even  where  the  mineral  aspects  of  the 
two  rocks  are  most  alike,  that  the  gneiss  never  sends  out 
dykes  and  veins,  like  the  granite,  into  contiguous  strata,  but 
always  maintains,  however  obscurely,  its  laminated  and  sedi- 
mentary character.     In  the  most  granitoid  masses  of  gneiss, 
the  stratified  disposition  is  never  wholly  obliterated;  hence 
theiv  fissUity  in  one  direction  as  compared  with  the  indetermi- 
nate and  hsjckly  fracture  of  the  true  igneous  granites.    Quartz- 
rock  or  quartdte,  which  consists  of  finely-granular  quartz,  with 
occasionally  conglomerate -looking  bands,  and    beds    inter- 
mingled with  flakes  of  mica,  scarcely  holds  a  determinate 
place  among  the  primary  strata;  though  in  the  Scottish  High- 
lands its  greatest  development  is  clearly  intermediate  between 
the  gneiss  and  mica-schist.     It  is  in  general  less  flexured  and 
foliated  than  the  gneiss,  hence  its  stratification  is  more  appa- 
rent ;  and  hence  also  its  value  to  the  geologist  in  enabling  hini 
to  determine  lines  of  strike  and  dip  in  contorted  primary 
regions.     What  has  been  affirmed  of  the  sedimentary  origin 
of  gneiss  is  much  more  apparent  in  Micorschist  (a  compound 
of  quartz  and  mica),  which  is  often  finely  laminated  and 
distinct  in  its  lines  of  stratification.     This  distinction  anses, 
in  aU  likelihood,  from  the  greater  attrition  the  original  par- 
ticlea  have  undergone,  and  from  the  greater  proportion  of 
mica  entering  into  its  compo^tioii  m  \3iaa  iorccL  ^1  Iraj^joiental 
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flakes  or  scales.  There  is,  however,  a  great  similarity  between 
the  three  seta  ol  rocks — beds  and  bands  of  gneiss  interlacing 
and  alternating  with  beds  of  quartz-rock,  bands  of  quartzitic 
rock  occurring  indiscriminately  among  gneiss  and  mica'schista^ 
and  gneisaose  rocks  freque&tly  becoming  so  micaceous  in  their 
composition'as  to  be  undistinguishable  from  true  micacite.  On 
the  whole,  the  three  groups  may  be  said  to  be  composed  essen- 
tially of  felspar,  quartz,  mica,  talc,  hornblende,  and  chlorite — 
these  ingredients  having  been  deposited  in  beds  and  layers  of 
silt,  clay,  sand,  and  the  like,  but  afterwards  consolidated  and 
altered  in  their  internal  structure  so  as  to  have  become  highly 
crystalline,  and  very  similar  in  their  general  aspect  to  the 
granites  from  which,  by  the  processes  of  waste  and  disintegra- 
tion, they  were,  in  all  likelihood,  originally  derived. 

142.  Though  it  is  often  difficult  to  draw  lines  of  distinction 
between  these  groups,  and  to  say  where  the  one  ends  or  the 
other  begins,  it  may  be  received  as  a  genera!  truth  that  gneiss,  or 
rocks  of  a  gneissic  character,  occupy  the  lowest  position  in  the 
metamorphic  system  as  developed  in  the  British  Islaiids;  that 
these  are  succeeded  by  a  zone  of  quartzitic  compounds ; 
and  these  again  by  mica-schists,  which  graduate  imperceptibly 
into  the  chloritie  and  argillaceous  slates  that  cap  the  aeries, 

Clat-blate — argillaceous  and  cbloi-itlc  slates. 
Hlci-eoBlaT — mlcotieous,  talccse,  chloritiu,  and  homMendia  BchiBts. 
QpARM-HOCK — qanrtdtio  compounda,  ganerally  thick-bedded. 
Gnbihh— gaelas-rock  and  granitoid  scMata. 

Such  is  the  order  of  succession  we  would  indicate,  and  so  it 
occurs  on  the  great  scale  in  the  most  typical  of  all  metamoi^ 
pMc  regions,  tiie  Highlands  of  Scotland,  where  the  qusrtzitea, 
limestones,  and  clay-slates  are  found  stretching  across  the 
cotmtry  in  bands  more  or  less  continuous  from  s& 
lliere  is  this  misconception,  however,  to  be  guarded  against 
— namely,  that  the  terms  gneiss,  quartz-rock,  and  mica-schist, 
being  used  to  designate  not  only  stratified  groups,  but  also 
certain  peculiar  rocks,  the  student  is  apt  to  imagine  that  the 
system  is  composed  solely  of  these  rock-compounds.  Nothing 
could  be  more  erroneous,  inasmuch  as  both  gneiss  and  mica- 
schist  occur  interstratified  with  quartz-rock,  crystalline  lime- 
stone, serpentinous  bands,  talc'Schist,  stea-schist,  chloritie 
schist,  hornblende-schist,  and  other  so-called  primary  strata. 
We  use  the  terms  "gneiss"  and  "mica-schist"  just  as  wa 
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speak  of  the  Old  Ked  Sandstone  and  Coal-measures — ^taking 
the  most  distinctive  rock  as  a  name  for  the  series,  without 
intending  in  the  least  to  convey  the  impression  that  either 
sandstones  or  coals  are  the  only  rocks  in  their  respective 
formations.  In  the  metamorphic  system  more  than  in  any 
other  is  it  difficult  to  ascertain  any  definite  order  of  suc- 
cession among  the  strata — the  whole  being  so  contorted  and 
broken  up  by  granitic  intrusions,  and  having  undergone 
such  a  change  in  mineral  character,  that  one  rock  frequently 
passes  by  insensible  gradations  into  another  within  the 
space  of  a  few  hundred  feet.  Under  these  circumstances, 
it  is  perhaps  better  simply  to  enumerate  the  more  prevalent 
rocks  in  the  system— premising  that  while  the  great  grouping 
may  remain  as  already  indicated,  the  individual  strata  often 
alternate  and  capriciously  iptermingle  with  each  other  : — 

Oneist — an  aggregate  of  quartz,  felspar,  and  mica,  occasionally  gamet- 
iferous. 

Porphyritic  Oneiss — ^the  same  as  above,  with  large  irregular  macles  of 
felspar  or  quartz. 

Syenitic  Oneiss— of  quartz,  felspar,  and  hornblende. 

Hornblende-schist — a  slaty  rock,  chiefly  of  hornblende,  occasionally  with 
a  little  felspar  or  quartz. 

Quartz-rock  or  Quartzite — a  granular  aggregate  of  quartz,  with  occasional 
flakes  of  mica — the  quartzites  being  indurated  quartzose  rocks  of  a 
more  arenaceous  aspect,  and  occurring  in  strata,  while  true  glassy 
quartz  occurs  only  in  veins. 

Mica-schist— &  fissile  or  foliated  aggregate  of  mica  and  quartz,  with  oc- 
casional crystals  of  hornblende  and  garnet. 

Mica-slate — same  as  the  preceding  in  composition,  but  less  foliated  and 
flexured,  hence  splitting  into  even  slaty  laminae. 

Talc-schist — of  talc  and  quartz,  and  differs  only  in  this  respect  from 
mica-schist. 

ChXorite-schist — a  greenish  slaty  rock  of  chlorite  and  quartz  ;  often  pass- 
ing into  mica-schist  and  clay-slate. 

Actynolite-schist — a  slaty  foliated  rock,  chiefly  of  actynolite,  with  some 
admixture  of  felspar,  quartz,  or  mica. 

Prirnary  Limestone — ^highly  crystalline  marbles,  often  containing  veins 
and  flakes  of  serpentine,  chlorite,  steatite,  and  the  like,  with  occa- 
sional crystals  of  sahlite,  and  other  accidental  minerals. 

Serpentine — an  intimate  admixture  of  various  magnesio-silioiotLB  ingre- 
dients  (chlorite,  steatite,  diallage,  lime,  &c.),  which  produce  a  rock 
of  a  speckled  or  mottled  appearance  resembling  a  serpelfit's  skin  ; 
hence  the  name  serpentine,  or  its  learned  equivalents  ophite  and 
ophiolite.  ^ 

Graphite, — To  these  we  may  add  graphite,  not  unfrequently  a  constit- 
uent of  the  metamorphic  series — and  which  may  be  a  metamorph 
fivm  anthracite,  just  as  anthracite  is  a  metamorphic  form  of  bitu- 
minous  co&h 
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When  the  above  are  massive  and  compact,  they  are  spoken  of 
as  Tocki ;  when  laminated  and  fissile,  they  are  termed  schists^ 
and  by  this  name  it  were  advisable  to  designate  all  the  truly 
primary  metamorphic  strata,  with  the  exception  of  clay-slate, 
which,  as  will  be  seen,  often  owes  its  fissility  to  another  cause 
than  bedding  or  deposition.  The  term  foliation  (Lat.  folium^ 
a  leaf)  is  employed  to  express  that  irregular  leafy-like  crump- 
ling which  occurs  so  prevalently  among  these  schists — a 
structure  for  which,  as  well  as  for  slaty  cleavage,  numerous 
hypotheses  have  been  advanced  ;  but  which,  as  the  student 
will  shortly  find,  remains  in  a  great  measure  an  unsolved 
problem. 

143.  It  has  been  stated  that  the  strata  of  the  metamorphic 
system  often  capriciously  alternate  and  intermingle ;  and  one 
cannot  pass  over  a  section  of  any  extent,  such  as  is  presented 
in  the  glens  or  along  the  coasts  of  the  Scottish  Highlands, 
without  perceiving  the  truth  of  this  remark.  We  may  pass, 
for  instance,  for  many  hundred  yards  along  rocks  of  a  mixed 
gneissic  character;  then  meet  with  several  bands  of  grey  crys- 
talline limestone,  or  masses  of  serpentine ;  find  these  suc- 
ceeded by  more  fissile  gneiss,  with  bold  independent  bands  of 
quartz-K^k ;  meet  agali  with  beds  of  gneiss  which  pass  im- 
perceptibly  into  mica-schists ;  next  discover  beds  of  crystal- 
line fissile  limestone,  succeeded  by  chloritic  schists ;  and  ulti- 
mately find  that  these  chloritic  bands  graduate  by  degrees  into 
the  true  fissile  clay-slates  that  close  the  system.  If  the  district 
be  very  much  contorted  and  broken  up  by  igneous  eruptions, 
then  we  may  have  dykes  and  veins  of  granite,  with  the  gneiss 
in  contact  rendered  porphyritic  and  homblendic;  or  may 
have  dykes  of  hornblende-  rock,  greenstone,  and  porphyry, 
causing  irregular  contortions  and  foliations  among  the  gneiss 
and  mica-schists,  in  which  case  we  shall  find  veins  of  glassy 
quartz,  niunerous  gametiferous  bands,  the  limestones  rendered 
chloritic,  micaceous,  and  serpentinous,  together  with  superin- 
duced crystals  of  various  kinds,  veins  of  asbestos,  and  not  im- 
frequently  exhibitions  of  metalUc  ores. 


Distribution  and  Physical  Aspects. 

144.  The  gneiss  and  mica-schist  groups  are  widely  distri- 
buted, being  found  flanking  less  or  more  all  the  principal 
mountain-chains  in  the  world.     They  occur  in  tiie  'Bi^c^^'iA^ 
and  IslaDds  of  Scotland,  in  the  north  and  ao\it\i  oi  lx€^^^<i 
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in  Brittany,  in  the  Bohemian  and  Saxon  ridges^  along  the 
flanks  of  ike  Pyrenees  and  Alps,  in  the  Scandinavian,  Car- 
pathian, and  Oural  chains,  largely  in  the  Caucasian,  Altai,  and 
Himalayan  ranges  of  Asia^  in  the  Andes  and  Brazilian  sierras 
of  South  America,  and  in  the  Cordilleras  of  Mexico,  the  Bocky 
Mountains,  and  along  the  entire  length  of  the  Alleghanies  in 
North  America.  Though  thus  flanking  and  forming  portions 
of  most  of  the  older  mountain-chains,  the  primary  strata  do 
not  occupy  wide  areas,  but  are  tilted  up  at  high  angles,  and 
compressed  into  a  comparatively  narrow  space,  producing 
rugged  and  abrupt  scenery,  less  bald  and  bleak  than  granite, 
but  wilder  and  more  irregular  than  that  of  the  later  forma- 
tions. On  the  whole,  the  pihysical  aspects  of  metamorphic 
districts  may  be  described  as  rugged,  irregular,  and  barren. 
Thrown  into  lofty  mountains  by  the  granite,  and  often  into 
abrupt  and  vertical  positions,  it  is  chiefly  among  gneiss  and 
mica-schists  that  those  deep  glens  and  abrupt  precipices  occur 
which  give  to  highland  :  scenery  its  well-known  wild  and 
picturesque  effect.  In  lower  and  sheltered  situations,  some 
of  the  softer  mica-schists  decompose  into  a  not  unfertile  soil, 
and  some  of  the  finest  timber  in  the  world  is  grown  on  rocks 
of  that  formation. 

145.  As  already  mentioned,  the  igneous  rocks  associated 
with  the  gneiss  and  mica-schists  are  chiefly  granitic — ^these 
upheaving,  breaking  through,  indurating,  and  contorting  them 
in  a  very  complicated  manner.  Later  igneous  rocks  —  as 
hornblende,  hypersthene,  porphyry,  and  syenitic  greenstone 
— are  also  found  traversing  those  groups  in  the  form  of  dykes 
and  protruding  masses,  and  occasionally  still  more  recent 
effusions  of  basalt  are  found  passing  through,  not  only  the 
gneiss  and  mica-schists,  but'their  associated  dykes  and  veins 
of  granite  and  porphyry.  On  the  whole,  granite,  syenite,  and 
porphyry  are  the  great  contemporaneous  igneous  products, 
and  are  so  peculiar  in  their  crystalline  aggregations,  that 
there  is  in  general  little  difficulty  in  distinguishing  them  from 
the  igneous  rocks  of  later  epochs. 


Industrial  Products. 

146.  The  industrial  or  economic  products  derived  from  the 
gneiss  and  mica-sclusts  are,  lithologically  speaking,  by  no 
means  numerous.  The  limestones,  from  &eir  highly  saccha- 
roid  texture,  and  mottled  and  veined  appearances,  yield  vain- 
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able  marbles;  and  are  also  quarried  for  mortar  and  farming 
purposes.  The  serpentines,  when  found  in  solid  masses,  like 
those  of  Portsoy,  Lizard  Point,  and  Connemara,  produce  a 
very  elegant  material  for  internal  decoration,  or  for  minor 
ornaments,  as  vases,  jars,  pedestals,  paper-weights,  &c. 
Neither  gneiss,  mica- schist,  nor  talc -schist  yields  a  very 
elegant  building-stone,  yet  in  several  districts  in  the  north 
of  Scotland  they  are  so  employed,  while  the  harder  kinds  of 
gneiss  have  been  successfully  raised  in  huge  blocks  for  pier 
and  breakwater  purposes.  QtMrtz-rock,  where  sufficiently 
pure,  as  in  Banffshire,  Arran,  Sutherlandshire,  &c.,  is  ex- 
tensively quarried  for  the  potteries,  the  large  blocks  being 
used  for  grinding  the  calcined  flints,  without  deteriorating 
the  purity  of  the  frit.  Steatite  or  potstone  (the  lapis  ollaris 
of  the  ancients)  is  a  common  product  of  the  system,  and  in 
some  countries,  as  the  north  of  Italy,  is  still  manidFactured 
into  pots  and  vases.  It  is  also  used  as  a  flre-resister  for  oven- 
soles,  stoves,  and  furnaces,  where  it  can  be  procured  in  suffi- 
ciently large  and  solid  blocks.  Amianthus  or  flexible  asbes- 
tos, found  in  veins  traversing  metamorphic  strata,  is  still 
occasionally  used  in  the  manufacture  of  fire-proof  cloth,  for 
lamp-wicks,  and  also  for  gas-grates,  the  fibres  remaining  red- 
hot  without  being  destroyed.  It  has  also  been  successfully 
employed  in  the  fabrication  of  packing  for  steam-pistons, 
jointing  for  steam-pipes,  lining  for  fire-proof  safes,  and  simi- 
lar fire-resisting  purposes.  One  of  the  most  valuable  sub- 
stances derived  from  the  system  is  graphite  or  plumbago  (96 
of  carbon  and  4  of  iron),  so  largely  employed  for  writing- 
pencils,  for  polishing,  for  crucibles,  and  similar  uses;  and 
which  is  evidently  a  metamorphosed  anthradte,  in  all  likeli- 
hood of  vegetable  origin,  though  a  purely  chemical  elabora- 
tion has  been  ingeniously  suggested  for  the  occurrence  of 
carbons  and  hydro-carbons  in  these  primitive  formations. 
Among  the  minor  products  may  be  mentioned  whet-slate  and 
"  ragstone,*  which  are  found  among  the  more  silicious  and 
compact  textured  beds ;  and  steatite  or  soapstone,  umher,  and 
plastic  carbonate  of  magnesia,  or  meerschaum,  which  occur  in 
their  veins  and  fissures.  The  diamond,  beryl,  rock-crystal, 
garnet,  zircon,  and  other  precious  stones,  are  found  in  the 
system,  either  embedded  in  the  strata  themselves,  or  in  the 
veins  that  traverse  them.  These  veins  are  also  the  reposi- 
tories of  many  of  the  most  important  metallic  ores,  as  those 
of  tin,  copper,  zinc,  cobalt,  iron,  molybdenum,  and,  less 
abundantly,  native  silver  and  gold. 
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n. — CLAY-SLATE  GROUP. 

147.  Whatever  obscurity  may  attach  to  the  sedimentary 
origin  of  gneiss  and  mica-schist,  there  can  be  no  doubt  as  to 
the  true  aqueous  character  of  the  clay-slates  and  their  associ- 
ated strata.     The  clay-slate  group,  so  familiarly  known  by  the 
bluish,  greenish,  and  purplish  roofing-slates  of  our  towns, 
presents  a  vast  thickness  of  fine-grained,  fissile,  argillaceous 
rock,  of  considerable  hardness,  and  if  not  of  a  crystalline,  at 
least  of  a  glistening  aspect.     It  seems  to  have  been  originsdly 
deposited  as  a  fine  clay  or  silt,  and  then  to  have  undergone 
metamorphism  in  a  less  degree  than  the  underlying  mica-schists 
and  gneiss  rocks.  The  prevalent  colours  are  black,  green,  bluish, 
purplish,  and  that  hue  peculiar  to  itself,  known  as  slate-coloured. 
Some  varieties  are  hard  and  splintery,  others  soft  and  perish- 
able.    The  texture,  though  generally  close  and  fine-grained, 
is  not  unfrequently  gritty  and  arenaceous,  and  passes  into  a 
sort  of  flaggy  sandstone.     The  embedded  minerals  are  few; 
these  being  chiefly  cubic  iron-pyrites,  chert  or  silicious  concre- 
tions, crystals  of  hornblende,  augite,  and  chiastolite,  a  mineral 
occurring  in  long  slender  prisms,  which  cross  and  lie  over 
each  other  in  the  mass  of  slate  like  the  Greek  letter  x  (chiastos, 
crossed  or  marked  with  the  letter  x,  and  lithos,  a  stone).     Such 
are  the  lithological  characters  of  the  clay-slate  of  the  Meta- 
morphic  System — ^for  there  are  other  slates  in  abundance  be- 
longing to  the  Cambrian  and  Silurian ;  but  it  must  be  noted 
that  chlorite  slate,  cherty  grits,  crystalline  limestones,  and  not 
imfrequently  bands  of  quartz-rock  and  magnetite  (magnetic 
iron-ore),  are  associated  with  the  group,  making  in   some 
eruptive  regions  a  very  complex  suite  of  strata. 

148.  If  the  gneiss  and  mica-schist  were  derived  from  the 
disintegration  of  granitic  and  other  primitive  rocks,  clay-slate 
seems  to  have  been  derived  from  the  same  source,  and  also 
from  the  further  and  finer  disintegration  of  the  gneiss  and 
mica-schists.  In  the  clay-slates  the  quartz  and  mica  of  the 
original  rocks  appear  in  minute  grains  and  flakes,  and  the 
clay  of  the  felspar  appears  as  impalpable  sediment,  destitute 
of  the  potash  and  soda  which  entered  into  its  crystallised 
condition  in  granite.  All  this  bespeaks  the  long-continued 
action  of  atmosphere  and  water — atmosphere  and  water  to 
waste  and  wear  down,  and  rivers  to  transport  the  material 
to  some  tranquil  sea  of  deposit.  In  course  of  time  the  soft 
sediment  becomes  consolidated ;   pressure,  heat,  or  chemical 
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agency  sabsequently  changes  its  texture,  and  renders  it  hard 
and  crystalline ;  and  a  still  further  alteration  produces  that 
peculiar  structure  ia  many  clay-skttes  known  by  the  name  of 
cleavage.  What  renders  slate  so  peculiarly  valuable,  is  its 
quality  of  being  cleft  br  split  into  ihm  plates  or  layers ;  and 


Slaty  Claava^e — a,  Transverse ;  h,  Coincident. 

this  splitting  takes  place,  not  always  parallel  to  the  lines  of 
stratification,  as  in  the  flagstones  used  for  pavement,  but  in  a 
direction  right  through  the  beds,  and  often  almost  at  right 
angles  to  them,  as  indicated  by  the  arrows  a  and  b  in  the 
preceding  diagram.  Slates  that  split  parallel  to  their  natural 
stratification  are  spoken  of  as  "bedded  slates;"  those  that 
split  through  the  stratification  or  across  their  bedding  are 
spoken  of  as  "cleaved  slates."  This  cleavage-structure  is 
occasionally  observed  in  other  rocks  of  an  argillaceous  or 
clayey  nature,  but  more  especially  in  clay-slate;  and  its 
origin  is  still  a  matter  of  doubt  among  geologists.  "Per- 
vading high  temperature,"  says  Professor  Phillips,  "is  gene- 
rally admitted  as  the  efficient  cause  of  the  metamorphism  of 
gneiss  and  mica-schist;  but  clay-slate  is  thought  by  many 
modem  writers  to  have  acquired  its  lamination  mainly 
through  pressure."  On  the  other  hand,  its  extreme  regular- 
ity and  resemblance  to  certain  kinds  of  crystallisation,  have 
suggested  the  hypothesis  that  it  may  have  arisen  from  chemi- 
cal or  magnetic  forces  acting  upon  the  clayey  mass  while  in 
process  of  solidification — a  supposition  greatly  strengthened 
by  the  fact  that  a  similar  structure  has  been  produced  in 
masses  of  clay  by  the  artificial  application  of  these  forces. 
Of  this,  however,  as  well  as  of  the  analogous  phenomenon  of 
foliation^  when  we  come  to  treat  of  the  theories  of  meta- 
morphism in  the  Note  Kecapitulatory  to  the  present  chapter. 


Distribution  and  Physical  Aspects. 

149.  Being  intimately  associated  with  the  gneiss  and  mica- 
schist  groups,  the  clay-slate  partakes  of  many  of  the  upheavals 
and  disruptions  which  have  affected  these  strata.    Though  less 
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crystalline  in  its  texture,  and  not  so  much  broken  up  by 
igneous  intrusions,  its  beds  are  in  many  instances  curiously 
bent  and  contorted,  and  generally  rest  at  high  angles  on  the 
flanks  of  our  oldest  mountain-chains.  They  are  found  along 
with  gneiss,  mica-schist,  chlorite-schist,  and  other  crystalline 
rocks,  generally  occupying  the  highest  position  in  the  meta- 
morphic  system.  The  scenery  of  clay-slate  districts  is  often 
wild  and  picturesque,  its  beds  of  unequal  hardness  presenting 
a  peculiarly  peaked  and  splintery  outline ;  but  their  high  ele- 
vation and  cold  clayey  soils  render  them  sterile  and  unpro- 
ductive. 

Indastrial  Products. 

150.  The  industrial  applications  of  clay-slate — ^whether  ob- 
tained from  this  or  from  the  Cambrian  and  Silurian  Systems 
— are  numerous  and  well  known.  The  hard  fissile  varieties 
have  long  yielded  a  most  valuable  roofing-material ;  the  finer 
sorts  are  used  for  writing-slates  and  slate-pencils;  and  the 
thicker-bedded  kinds  are  now  largely  employed  as  an  orna- 
mental stone  for  vases,  tables,  enamelled  chimney-slabs,  mosaic 
pavement,  cisterns,  and  other  architectural  purposes.  From 
the  facility  with  which  it  can  be  shaped  and  transported,  the 
fine  clean  surface  it  takes,  as  well  as  from  its  comparative  light- 
ness and  durability,  it  is  only  matter  of  surprise  that  it  has 
not  been  much  moVe  extensively  used  for  internal  fittings. 
The  clay-slate  in  many  districts  is  abundantly  traversed  by 
metalliferous  veins,  and  from  these  are  obtained  ores  of  tin, 
copper,  lead,  silver,  and  not  unfrequently  gold. 


NOTE,    RECAPITULATOBY   AND   EXPLANATOEY. 

151.  The  system  described  in  the  preceding  chapter  consists 
of  four  principal  groups — Gneiss,  Quartzite,  Mica-schist,  and 
Clay-slate,  and  often  attains  a  thickness  of  many  thousand 
feet.  The  rocks  composing  these  groups  are  less  or  more  in- 
durated and  crystalline,  have  their  Hues  of  stratification  indis- 
tinct, and  often  altogether  obliterated,  and,  as  sedimentary 
strata,  have  evidently  undergone  some  peculiar  change  in 
their  structure  and  texture.    TVna  c^ii^<&,  ox  TCi^tabmorphismy 
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whether  produced  by  heat,  pressure,  chemical  agency,  or  other 
means,  has  conferred  upon  them  the  term  of  Metamorphic 
rocks  ;  and  by  this  designation  they  are  now  generally  known 
by  geologists.     As  strata,  they  are  the  deepest  or  lowest  in 
the  crust  of  the  earth,  and  are  therefore  regarded  as  Primr 
ary  or  first-formed.    They  are  also  known  as  NonrfossUiferouSy 
Azoicy  or  Hypozoic  strata,  from  the  fact  that  no  distinct  traces 
of  plants  or  animals  have  yet  been  discovered  in  any  part  of 
the  system.     The  terms  metamorphic,  primary,  hypozoic,  and 
non-fossiliferous,  may  be  held  as  synon3rmous — ^the  student 
ever  bearing  in  mind  that  the  nomenclature  of  geology  is  at 
best  but  provisional  or  temporary,  and  must  give  way  to  new 
facts  and  the  progress  of  discovery.     As  a  general  rule,  the 
gneiss  group  lies  beneath  the  quartzite,  the  quartzite  beneath 
the  mica-schist,  and  the  mica-schist  beneath  the  clay-slate; 
but  there  are  frequent  alternations  of  the  rocks  and  schists 
composing  the  system,  and  these  alternations  are  often  ren- 
dered more  complicated  by  the  contortions  and  displacements 
produced  by  the  intrusion  of  granitic  outbursts.     Though 
mineralogists  have  given  to  the  rocks  composing  the  system 
different  names — ^as  gneiss,  syenitic  gneiss,  hornblende-rock, 
hornblende-schist,  mica-schist,  talc-schist,  stea-schist,  chlorite- 
schist,  &c. — ^it  must  be  admitted  that  there  are  often  a  great 
similarity  and  frequent  gradations  among  them.      Whether 
this  arises  from  a  similarity  of  the  original  sediments,  the 
sameness  of  the  sources  from  which  they  were  derived,  or 
from  the  subsequent  metamorphism  they  have  undergone,  it 
is  difficult  to  say ;  but  there  is  certainly  a  much  closer  family 
resemblance,  so  to  speak,  among  the  metamorphic  strata,  than 
there  is  among  the  strata  of  any  subsequent  system. 


Theories  of  Metamorphism. 

152.  Although  mineral  metamorphism,  as  stated  in  the  con- 
text, has  taken  place  locally  and  partially  among  rocks  of  all 
ages,  it  is  yet  pre-eminently  characteristic  of  the  strata  under 
review ;  hence  the  nimierous  hypotheses  that  have  been  ad- 
vanced to  account  for  the  change.  As  in  nature  we  have  gen- 
erally a  combination  of  causes,  so  have  most  of  these  hypo- 
theses, by  adhering  to  some  special  agency,  failed  to  account 
for  the  phenomena  in  question.  The  problem,  oi  "^^XascLort- 
phism  is  altogether  a  very  difficult  one,  and  one  yo^c^ntcv^  ^^ 
many  questions  in  tba  obscurer   departmenl^  ol  OdeTa^Xi^ -> 
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electricity,  and  crystallograpliy,  that  geology  must  rest  satis- 
fied in  the  meantime  with  indicating  rather  than  defining  the 
nature  of  the  operative  causes.     The  most  obvious  and  gen* 
eral  of  these  may  be  briefly  enumerated:    i.  Pressure,  by 
hardening  and  compacting,  by  rearranging  the  constitlient 
particles  of  rock-masses,  and  by  evolving  heat,  which  promotes 
the  intensity  of  chemical  action ;  2.  Heat  by  contact,  as  when 
any  igneous  mass,  like  lava,  indurates,  renders  jaspideous, 
crystallises,  or  otherwise  changes  the  strata  over  or  through 
which  it  passes ;  3.  Heat  by  transmission,  conduction,  or  ab- 
sorption, which  may  also  produce  metamorphism,  according  to 
the  temperature  of  the  heated  mass,  the  continuance  of  the 
heat,  and  the  conducting  powers  of  the  strata  affected;  4. 
Heat  by  permeation  of  hot  water,  steam,  and  other  vapours,  all 
of  which,  at  great  depths,  may  produce  vast  changes  among 
the  strata,  when  we  recollect  that  steam,  under  sufficient 
pressure,  may  acquire  the  temperature  of  molten  lava;   5. 
Electric  and  galvanic  currents  in  the  stratified  crust,  which 
may,  as  the  experiments  of  Mr  Fox  and  Mr  Hunt  suggest 
(passing  galvanic  currents  through  masses  of  moistened  pottery 
clay),  produce  cleavage  and  semi-crystalline  arrangement  of 
particles ;  6.  Chemical  action  and  reaction,  which,  both  in  the 
dry  and  moist  way,  are  incessantly  producing  atomic  change, 
and  all  the  more  readily  when  aided  by  an  increasing  temper- 
ature among  the  deeper-seated  strata ;  7.  Molecular  arrange- 
ment by  pressure  and  motion — a  silent  but  efficient  agent  of 
change,  as  yet  little  understood,  but  capable  of  producing 
curious  alterations  in  internal  structure,  especially  when  ac- 
companied by  heat,  as  we  daily  see  in  the  manufacture  of  the 
metals,  glass,  and  earthenware. 

[The  recent  experiments  of  Deville,  by  which  he  obtains  artificially-crys- 
tallised minerals  of  great  regularity  and  beauty  by  heating  the  amorphous 
substances  in  a  slow  current  of  some  gas,  such  as  hydrochloric  acid,  are 
likely  also  to  throw  further  light  on  the  nature  and  process  of  mineral  meta- 
morphisuL  Hydrochloric  acid,  for  instance,  is  not  an  unfrequent  product 
in  volcanic  districts,  and  we  can  readily  perceive  how  its  escape  in  a  heated 
state  through  chinks  and  fissures  might  assist  in  coating  these  (as  they 
often  are)  with  various  mineral  crystals.  What  can  be  accomplished  super- 
ficially in  this  way  may  likewise  take  place  in  semi-fused  masses  by  per- 
meation through  their  minute  interstitial  cavities.] 

153.  Such  are  the  more  general  and  likely  causes  of  rock- 
metamorphism,  and  as  it  is  possible  that  several  of  them  may 
be  operating  at  the  same  time,  the  student  will  perceive  that 
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no  hypotheais  that  limits  iteelf  to  any  one  agent  can  be 
accepted  as  sufficient  and  eatisfactory.  Heat  and  chemical 
action  and  pressure  are,  no  doubt,  the  chief  causes  of  change, 
and  by  them  we  can  readily  account  for  new  crystalline 
arrangements  in  semi-fused  messes,  for  fissures,  joints,  and 
cleavage,  and  in  a  great  measure  for  that  flezuring  and  folding 
of  the  stratified  laminie  known  as  foliation.  And  if  to  these 
we  add  electricity,  and  new  crystallographic  and  molecular 
airangement  under  further  chemical  reaction,  we  call  in  a  suf- 
ficiency of  agency,  though  we  may  not  always  perceive  the 
precise  modes  of  action.  We  can  readily  see  how  a  mass  of 
«and  may  be  consolidated  into  sandstone  by  pressure,  or  firmly 
agglutinated  by  the  percolation  of  some  cementing  material ; 
bot  we  cannot  account  for  the  conversion  of  such  a  sandstone 
into  a  sparkling  crystalline  rock  studded  with  independent 
crystals  of  garnet  and  chiastolite,  and  having  all  its  layers 


flexured,  folded,  and  contorted,  without  calling  in  the  agencies 
of  heat,  pressure,  and  new  molecular  arrangement. 

154.  It  is  by  such  agencies  that  geologists  have  in  like 
manner  endeavoured  to  account  for  the  phenomena  of  deavage 
and  foliation — their  theories  being  regarded  as  mechanical  or 
lAemieal,  according  as  they  are  founded  on  physical  or  on 
chemical  considerations.  Thus,  those  who  regard  cleavage  aa 
a  minute  species  of  jointing,  generally  running  parallel  to  great 
axes  of  elevation,  and  altogether  independent  of  the  strike  or 
dip  of  the  strata  through  which  it  passes,  adopt  the  mechani- 
cal theory  of  great  lines  of  cosmical  uprise  and  contraction  of  the 
crust,  which  produced  immense  pressure  on  the  irregular 
particles  or  interstitial  cavities  of  the  cleaved  masses ;  while 
those  who  regard  it  as  a  species  of  crystallisation  or  sew  mo- 
lecular arrangement  adopt  a  chemical  view,  and  ascribe  the 
appearances  to  the  long-continued,  but  as  yet  imperfectly- 
understood,  operation  of  electrical  or  chemical  forces.  Fro- 
feasor  Sedgwick,  for  instance,  who  had  long  directed  his  atten- 
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tion  to  metamorpliic  phenomena,  propounds  a  chemico-electri- 
cal  hypothesis,  by  which  "  crystalline  or  polar  forces  have 
rearranged  whole  mountain  -  masses,  producing  a  beautiful 
crystalline  cleavage,  passing  alike  through  all  the  strata;" 
while  Professor  Phillips  appeals  in  the  main  to  "  mechanical 
forces  compressing  the  sedunent  at  right  angles  to  the  lines 
of  cleavage."  On  the  other  hand,  Mr  Daniel  Sharpe  attempts 
to  combine  with  this  mechanical  theory  "  the  action  of  some 
peculiar  crystalline  force  ; "  while  Messrs  Sorby  and  Tjmdall 
adopt  the  purely  mechanical  view — the  former  maintaining 
that  the  flattish  unequiaxed  particles  of  the  ancient  mud  and 
sand  greatly  aided  the  compressing  force  in  producing  cleav- 
age ;  and  the  latter  that  the  result  was  unaided  by  the  shape 
of  the  particles,  but  was  caused  by  the  extension,  under 
pressure,  of  the  minute  interstices  which  must  exist  in  ev^ 
the  most  finely  levigated  mudstones.  As  with  cleavage  so 
with  foliation ;  one  set  of  theorists  advocating  new  molecular 
arrangements  of  the  mass,  and  another  endeavouring  to  account 
for  the  flexures  and  crumplings  by  mechanical  pressure  on 
the  semi-fused  laminae  of  the  respective  strata.  '\^atever  the 
cause  producing  the  foliated  texture^  it  is  evidently  closely 
allied,  if  not  identical,  with  that  producing  the  structural 
contortions  smd  foldings  of  the  strata  themselves,  as  evidenced 
in  the  instructive  section  given  in  the  preceding  paragraph. 
In  a  limited  elementary  outline,  it  would  be  out  of  place  to  do 
more  than  indicate  the  bearings  of  the  question ;  and  we  need 
only  remark  that  much  wider  observation  and  a  more  intimate 
acquaintance  with  the  facts  of  terrestrial  chemistry  and  mag- 
netism are  necessary  before  geology  can  hope  to  arrive  at 
satisfactory  theories  respecting  such  intricate  phenomena. 

[Beferring  to  the  general  question  of  Mineral  Metamorphism,  Dr  Hunt, 
in  Ms  'Greological  and  Chemical  Essays,'  remarks,  "That  the  metamorphism 
of  rocks  does  not  imply  any  change  of  their  constituent  elements,  or  inter- 
ference with  their  bedded  arrangement.  It  consists  in  the  alteration  of 
the  sediments  hy  merely  molecular  changes  rearranging  their  particles  so 
as  to  render  them  crystalline,  or  by  chemical  re-actions  producing  new 
combinations  of  their  elements.  Experiment  shows  that  the  action  of  heat, 
pressure,  and  waters  containing  alkaline  carbonates  and  silicates,  would 
produce  such  changes.  The  amount  and  character  of  change  would  depend 
on  the  composition  of  the  sediment,  the  heat  applied,  the  substances  in 
solution  in  the  water,  and  the  lapse  of  time.*'] 

155.  To  those  who  may  feel  inclined  to  pursue  the  study  of 

metamorpbiam,  cleavage,  and  foliation — and  a  nobler  field  for 

tJie  geological  chemist  and  pbyaidal  d.oe&  iio\i  ^i^\>^«\N\mithe 
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range  of  the  science — we  would  recommend  the  '  Theoretical 
Besearchea '  of  Sir  H.  de  la  Beche,  BischofTs  '  Physical  Ke- 
searchea,'  Hopltin's  '  Terrestrial  Magnetism,'  Dr  Sterry  Hunt's 
'Chemical  and  Qeological  Essaya,'  the  papers  of  I^fessors 
Sedgwick  and  Phillips,  Messrs  Sharps,  Sorbj,  D.  Forbes,  and 
lyndall,  in  the  '  TranBactions  and  Journal  of  the  Oeologtcal 
Society,'  vols.  iiL  and  v.,  the  'Report  of  the  British  Associa- 
tion' for  1843,  'Edin.  Phil.  Journal,'  vol.  Iv.,  and  the  fourth 
series  of  the  '  Philosophical  Magazine,'  vols.  xi.  and  xii. 


lyo 


IX. 


PALJEONTOLOGY — GENERAL   CHARACTERISTICS   OF   FOSSILS. 

156.  Before  entering  on  the  fossiliferous  systems,  it  may 
be  well  to  remind  the  student  that  the  department  of  his 
subject  having  special  reference  to  fossils  is  termed  Palceon- 
tology  (Gr.  palaioa,  ancient;  oTita,  beings;  and  logos,  a  dis- 
course), or  that  which  treats  of  the  former  life  of  the  globe ; 
while  the  department  more  immediately  concerned  with  the 
rocks  and  their  mineral  characteristics  is  spoken  of  as  Litho- 
logy  (litkos,  a  stone),  or  Physical  Geology.  The  palaeonto- 
logical  and  lithological  aspects  of  a  system  are  therefore  two 
very  different  things,  and  convey  much  the  same  meaning  as 
when  we  speak  of  the  stratigraphical  order  of  its  rocks,  and 
the  zoological  or  botanical  characters  of  its  fossils.  To  de- 
scribe fi:dly  any  system  or  suite  of  strata,  two  things  are 
necessary :  first,  to  ascertain  their  mineral  composition  and 
physical  relations,  so  as  to  determine  the  conditions  under 
which  they  were  deposited,  and  the  changes  they  may  have 
subsequently  undergone;  and,  secondly,  to  examine  the  nature 
of  their  fossils,  so  as  to  arrive  at  some  knowledge  respecting 
the  biological  conditions  of  the  region  at  the  time  of  their 
formation.  The  student  has  been  already  furnished  with 
aids  to  enable  him  to  comprehend  the  lithology  of  a  system ; 
we  shall  now  endeavour,  as  far  as  the  scope  of  an  elementaiy 
text-book  will  permit,  to  explain  the  general  characteristics  of 
fossils,  what  they  are,  the  states  in  which  they  occur,  and  ihe 
terms  and  arrangements  adopted  by  palaeontologists  in  their 
comparisons  of  extinct  with  existing  species. 

Processes  and  Conditions  of  Petrifaction. 

1ST-  PiB,nt8  and  animals  may  be  drifted  from  the  land  and 
entombed  in  the  sediments  oi  lakea,  ^\>\x%m%,  ^sA  ^-«j&  \  they 
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may  be  buried  in  situ — ^that  is,  in  the  situations  where  they 
lived  and  grew;  or  they  may  be  transported  by  tides  and 
currents  from  one  part  of  the  water  to  another.  In  this  way 
some  fossils  may  be  strictly  terrestrial,  some  lacustrine  or 
fresh-water,  some  estuarine  or  brackish-water,  some  marine 
or  of  salt-water  origin,  while  occasionally  a  deposit  may 
contain  admixtures  of  aU  of  these — ^terrestrial,  lacustrine, 
estuarine,  and  marine.  They  occur  in  various  states  of  per- 
fection, according  to  the  time  they  were  exposed  to  decay 
before  their  final  petrifaction,  and  according  to  the  tear  and 
wear  they  imderwent  by  drifting  and  other  disintegrating 
agencies.  The  harder  and  more  durable  parts  of  plants  and 
animals  will  necessarily  occur  most  frequently  in  a  fossil 
state;  hence  the  abundance  of  roots,  stems,  bark,  leathery 
leaves,  nuts,  seeds,  spores,  and  gummy  secretions  in  the 
Flora;  and  of  bones,  teeth,  scutes,  scales,  fin-spines,  crusts, 
shells,  shields,  and  calcareous  secretions  in  the  Fauna. 

158.  The  term  fosdl  is  applied  indiscriminately  to  all 
remains  of  plants  or  animals  found  embedded  in  the  solid 
strata,  and  converted  into  stony  or  mineral  matter.  When 
petrifaction  has  not  taken  place,  and  the  organism  is  merely 
embedded  in  superficial  clays  and  gravels,  the  term  aub-fossil 
is  that  more  properly  applied.  Thus,  the  bones  and  shells  of 
the  chalk,  converted  into  limestone  or  fiint,  and  even  harder 
than  the  rock  itself,  are  '^ fossils"  proper;  while  the  shells 
of  our  raised  beaches,  and  the  gigantic  bird-bones  found  in 
the  river-silts  of  New  Zealand,  are  merely  "  sub-fossil,"  or  in 
the  first  stages  of  petrifaction.  Fossils,  whether  vegetable  or 
animal,  are  generally  converted  into  the  same  substance  as 
the  rock  in  which  they  are  embedded :  that  is,  if  occurring 
in  limestone  they  will  be  more  or  less  calcareous ;  if  in  coal, 
bituminous;  and  if  in  sandstone,  more  or  less  arenaceous. 
It  must  not,  however,  be  imagined  that,  because  a  fossil  is 
found  in  limestone,  it  will  be  wholly  calcareous ;  or  in  sand- 
stone, that  it  will  be  arenaceous.  The  fact  is,  that  fossils 
often  present  very«€tnomalous  and  puzzling  characters — being 
converted  into  flint,  like  many  of  those  found  in  chalk ;  into 
ironstone,  like  some  found  in  the  coal-measures;  or  into 
iron-pyrites,  like  many  found  in  clays  and  shales.  In  nu- 
merous instances  the  form  and  substance  of  the  organism  is 
apparent  and  perfect;  in  others  the  substance  is  altogether 
gone,  and  only  a  hollow  mould  of  its  form  is  left ;  in  some  this 
mould  has  been  filled  by  a  different  mineral  sv\ba\a.\itei,  iorca.- 
ing,  as  it  were,  a  cast  of  the  organism ;  -wImIg  ia  o\k<er^  \}!aa\^ 
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is  a  mere  tracing  or  impression  of  the  original  surface.  These 
and  other  states  are  common  in  every  formation,  and  by  a 
little  practice  the  eye  of  the  student  will  readily  detect  the 
sUghtest  tra^e  of  organised  structure  in  any  ma^s  of  mineral 
matter.  There  is  something  so  peculiar  in  the  arrangement 
of  organic  parts — be  it  the  structure  of  bone  or  shell,  the 
cellular  or  ligneous  texture  of  plants,  or  even  the  mere  orna- 
mentation of  external  surface — that  at  once  arrests  the  eye, 
and  enables  it  to  distinguish  between  the  organic  fossil  and 
the  inorganic  rock  that  contains  it.  And  where  the  naked 
eye  may  fail,  a  common  pocket-magnifier  will  often  enable 
the  observer  to  detect  the  presence  of  an  organism.  In  more 
obscure  cases,  and  where  the  ordinary  lens  is  too  feeble  to 
reveal  the  specific  character  of  the  fossil  (such  as  in  a  mass  of 
coal,  for  example),  the  most  intricate  structure  of  the  organ- 
ism can  often  be  beautifully  displayed  by  polishing  thin 
translucent  slices  of  the  substance,  and  submitting  them  to 
the  higher  powers  of  the  microscope. 

159.  In  whatever  condition  fossils  may  be  found— whether 
converted  into  metallic  pyrites,  into  a  bituminous  mass  like 
coal,  or  into  stone-like  flint  or  limestone — ^they  may  all,  with- 
out much  scientific  error,  be  said  to  be  petrified.  The  pro- 
cess of  petrifaction,  generally  speaking,  consists  in  the  per- 
meation of  mineral  solutions  into  the  pores  of  vegetable  or 
animal  substances  by  means  of  capillary  attraction  or  pressure. 
In  some  instances  the  organic  body  has  almost  entirely  dis- 
appeared by  the  oxidation  of  its  tissues,  and  the  stony  matter 
nas  been  so  gradually  substituted,  particle  for  particle,  that 
the  petrifaction  presents  a  perfect  resemblance  in  its  minutest 
parts  to  the  original  structure.  Petrifaction  has  been  artifi- 
cially imitated  by  burying  bones  in  mud,  clay,  and  lime,  and 
it  has  been  found  that  after  a  time  the  bones  became  black, 
harder,  and  heavier;  and  had  the  process  been  continued, 
they  would  have  eventually  been  undistinguishable  from  true 
fossils.  Lime  and  silica  are  perhaps  the  most  abundant  petri- 
fying substances  in  nature;  but  many  fossil  bones  and  sheUs 
are  converted  into  metallic  crystals;  vegetable  remains  into 
bituminous  masses  like  coal ;  and  not  unf requently  trunks  of 
trees  have  their  forms  perfectly  preserved  in  strata  of  sand- 
stone— the  sandstone  forming  a  cast  of  the  original  trunk. 
Occasionally  the  bark  may  remain  when  the  internal  tissue  of 
the  stem  has  rotted  completely  away,  and  then  we  shall  have 
a  mere  impression  of  the  bark  wiUi  its  leaf-scars  and  other 
omamentSiXion. 
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1 60.  Without  entering  upon  the  obscure,  and  as  yet  little 
studied,  processes  by  which  organic  substances  are  preserved 
in  the  crust  of  the  earth,  we  may  notice  a  few  of  the  more 
obvious,  rather  with  a  view  to  indicate  the  nature  of  the  sub- 
ject than  attempt  to  teach  its  details.  A  shell,  like  the 
common  cockle,  may  be  buried  in  a  mass  of  calcareous  mud, 
and  when  so  enclosed  it  is  of  itself  composed  of  carbonate  of 
lime  and  a  little  animal  matter.  As  it  remains  embedded 
chemical  changes  take  place — the  animal  matter  decomposes 
and  passes  off  in  a  gaseous  state,  and  its  place  is  supplied  by 
an  additional  infiltration  of  lime  from  the  mass.  If  iron  in 
solution  be  present  in  the  mud,  the  sulphuretted  hydrogen 
arising  from  the  animal  decomposition  will  unite  with  the 
iron,  and  the  shell  will  become  coated  or  incrusted  with  shin- 
ing iron-pjrrites,  or  sulphide  of  iron.  As  the  calcareous  mass 
becomes  consolidated  into  limestone,  the  shell  will  also  be- 
come hard  and  stony,  but  still  preserving  its  form  to  the 
minutest  ridge  and  corrugation  of  its  exterior  surface.  By- 
and-by,  carbonated  waters  may  filtrate  through  the  pores  of 
the  limestone;  the  shell  may  be  dissolved  entirely,  and  leave 
only  a  hollow  cast  of  its  form.  Another  change  may  now 
take  place :  water  holding  silica  may  percolate  the  rock,  and 
the  hollow  shell-cast  be  filled  entirely  with  flint.  As  with 
flint,  so  with  crystallised  carbonate  of  lime,  with  iron-pyrites, 
or  even  with  a  soft  clayey  deposit  that  yields  to  the  scratch 
of  the  nail.  All  these  are  possible  changes,  and  changes 
which  every  day  present  themselves  to  the  palaeontologist; 
and  as  with  a  shell,  so  with  a  tooth,  a  fragment  of  bone,  a 
fish-scale,  a  mass  of  coral,  the  net-work  of  a  leaf,  or  the  woody 
fibre  of  a  drifted  pine-brancL  The  structure  of  the  organism 
is  always  more  or  less  preserved,  and  forms  a  basis  for  the 
petrifying  solution,  which  thoroughly  pervades  and  replaces 
it,  particle  for  particle,  without  disturbing  the  arrangement 
of  those  parts  on  which  its  characteristic  form  depends.  It 
is  this  form  or  external  character  which  enables  the  palaeonto- 
logist to  compare  and  classify  fossils  with  existing  plants  and 
animals ;  and  it  is  this  internal  arrangement  of  cell  and  fibre, 
as  revealed  to  the  microscope,  that  enables  him  to  detect  bone 
from  shell,  the  bone  of  a  bird  from  the  bone  of  a  mammal,  or 
the  tissue  of  an  endogenous  stem  from  that  of  an  exogenous 
timber  tree. 

[Fossils  are  sometimes  arranged  (as  by  Professor  Haug\i\.OTi^)  \Bl\.q  \>aft  V^.- 
lowing  classes :  I^i/rst,  the  actual  substance ;  secemdlv,  t\ie  «\]kX^%\A.T\&^  t«- 
placed  hjr  other  substances  ;  thirdly,  the  cast  or  mould  oi  \^ift  svi)a«\«S!kC»- 
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and  tills  may  be  either  of  the  hard  or  of  the  soft  substance ;  and,  fourthly ^ 
those  fossils  which  are  now  generally  called  physiological  impressions,  such 
as  footprints,  being  certain  evidence  of  the  animal  having  been  there.  To 
these  may  be  added  a  jlfth  set,  which,  though  not  of  organic  origin,  and 
not  fosfUs  in  the  strict  sense  of  the  word,  are  yet  of  curious  interest,  and 
often  throw  light  on  external  conditions — namely,  rain-prints,  ripple-marks, 
sun-cracks,  and  similar  memorials.  Under  whatever  class  they  may  be 
arranged,  their  preservation  and  consequent  legibility  will  depend  partly 
on  their  own  composition,  partly  on  the  nature  of  the  stratum  in  whidi 
they  are  embedded,  and  partly  on  the  chemical  changes  to  which  that 
stratum  may  have  been  subsequently  subjected.] 

1 6 1.  Having  ascertained  whether  his  fossil  belongs  to  the 
vegetable  or  animal  kingdom,  the  next  endeavour  of  the 
palseontologist  is  to  discover  to  what  class  or  family  in  exist- 
ing nature  it  offers  most  points  of  affinity  or  resemblance. 
Considering  the  obscure  and  fragmentary  condition  in  which 
fossils  are  frequently  found,  that  they  are  mostly  the  chance- 
findings  of  the  quarrymen  and  miners,  and  bearing  also  in 
mind  that  most  of  the  species  and  genera  with  which  the 
palseontologist  has  to  deal  are  long  since  extinct,  it  is  a 
matter  of  congratulation  that  so  much  has  been  done  to 
throw  light  on  the  botany  and  zoology  of  the  past,  rather 
than  a  subject  of  reproach  that  we  can  do  little  more  than 
merely  attach  provisional  names  to  hundreds  of  organisms 
that  are  daily  being  discovered.  If,  in  the  living  world,  we 
have  the  dictum  of  a  Cuvier — "  that  the  difference  between 
two  species  is  sometimes  entirely  inappreciable  from  the 
skeleton,  and  that  even  genera  cannot  always  be  distinguished 
by  osteological  characters" — what  marvel  need  there  be  at 
the  doubts  that  surround  so  many  of  the  discoveries  of  the 
palseontologist?  And  where  a  Cuvier  and  an  Owen,  an 
Agassiz  and  a  Milne  Edwards,  a  Forbes  and  a  De  Koninck, 
have  hesitated  to  pronounce,  the  student  of  geology  need  not 
be  ashamed  to  own  that  he  only  knows  that  this  is  a  marine 
shell,  and  that  a  coral ;  this  the  scale  of  a  fish,  that  the  scute 
of  a  reptile ;  this  the  tooth  of  a  shark,  that  the  grinder  of  a 
mammal ;  this  the  frond  of  a  fern,  and  that  the  reticulated 
leaf  of  a  true  timber-yielding  tree.  It  is  owing  to  the  un- 
certainty that  attaches  to  many  fossil  remains,  and  to  the  fact 
that  so  many  belong  to  races  now  extinct,  that  the  science  is 
cumbered  with  synonyms  and  species — a  reproach  that  is 
yearly  disappearing,  and  one  that  need  neither  4eter  nor 
discourage  the  earnest  inquirer. 
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General  Characteristics  of  Plants  and  Animals. 

162.  Before  the  palaeontologist  can  hope  to  determine  the 
nature  of  fossil  plants  and  animals — ^before  he  can  classify 
them  and  compare  them  with  those  now  existing,  or  deter- 
mine all  the  conditions  under  which  they  must  have  flourished 
— ^he  must  acquaint  himself  with  the  leading  facts  of  Botany 
and  Zoology.  In  an  elementary  work  of  this  kind,  it  would  be 
out  of  place  to  enter  at  length  into  the  details  of  these  sciences ; 
l)ut  as  a  certain  amount  of  knowledge  is  necessary  to  the 
understanding  of  subsequent  descriptions,  we  may  shortly 
recapitulate  die  classification  of  plants  and  animals  as  gener- 
ally adopted  by  botanists  and  zoologists,  noting  such  addi- 
tions as  palaeontologists  have  found  it  necessary  to  insert, 
with  a  view  to  embrace  extinct  families  or  genera.  The 
assistance  which  geology  has  conferred,  and  the  new  light  its 
deductions  have  thrown  on  the  other  branches  of  Natural 
Science,  are  not  among  the  least  of  its  claims  to  general 
attention.  The  reconstructing,  as  it  were,  of  so  many  ex- 
tinct forms  of  existence,  has  given  a  new  significance  to  the 
science  of  Life  ;  and  henceforth  no  view  of  the  vegetable  or 
animal  kingdoms  can  lay  claim  to  a  truly  scientific  character 
that  does  not  embody  the  discoveries  of  the  palaeontologist. 
In  fact,  so  inseparably  woven  into  one  great  system  are 
fossil  forms  with  those  now  existing,  that  we  cannot  treat 
of  the  one  without  considering  the  other;  and  can  never 
hope  to  arrive  at  a  knowledge  of  Creative  Law  by  any 
method  which,  however  minute  as  regards  the  one,  is  not 
equally  careful  and  accurate  as  regards  the  other.  "  It  has 
been  found,"  says  Professor  Lindley  in  speaking  of  the  fossil 
fijora — and  the  remark  is  equally  applicable  as  regards  the 
fauna — "  that  neither  a  barren  nomenclature,  destitute  of  all 
attempt  at  determining  the  relations  that  former  species  bore 
to  those  of  our  own  era,  nor  supposed  identifications  of  species 
by  vague  analogies  by  partial  views  of  structure,  are  sufficient 
to  satisfy  the  geological  inquirer :  on  the  contrary,  it  is  now 
distinctly  seen  that  nothing  short  of  a  most  rigorous  examina- 
tion is  likely  to  serve  the  ends  of  science ;  and  that  all  con- 
clusions that  are  not  drawn  from  the  most  precise  evidence 
that  the  nature  of  the  subject  will  aflbrd,  must  either  be 
rejected,  or  at  least  received  with  the  greatest  caution." 

1 63.  Vegetables  have  been  arranged  into  two  gcaii"QL  ^ctr^aYoroa 
— Cbllulae  and  Vascular  ; — 
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I.  Cellular — ^Without  regular  vessels,  but  composed  of  fibres  wMch 

sometimes  cross  and  interlace  each  other.  The  Conferva  (green 
scum-like  aquatic  growths),  the  Lichens  (which  incrust  stones  and 
decaying  trees),  the  Fwngi  (or  mushroom  tribe),  and  the  Algceior 
sea- weeds),  belong  to  this  division.  In  some  of  these  families  there 
are  no  apparent  seed-oi^ans.  From  their  mode  of  growth — ^viz., 
increase  of  the  same  organ  by  marginal  additions — they  are  known 
as  Thallogens  or  Amphigens. 

II.  Vasctjlab — ^With  vessels  which  form  oi^ans  of  nutrition  and  repro- 

duction. According  to  the  arrangement  of  these  organs,  vascular 
plants  have  been  grouped  into  two  great  divisions — Cryptogamic  (no 
visible  flowers  or  seed-organs)  and  Pluinerogamic  (apparent  fiowers 
or  seed-organs).  These  have  been  further  subdivided  into  the  fol- 
lowing classes : — 

1.  Cryptogams — Without  perfect  flowers,  and  with  no  visible  seed- 

organs.  To  this  class  belong  tiie  mosses,  equisetuma,  lycopo- 
diums,  and  ferns.  It  embraces  many  fossil  forms  allied  to 
these  orders.  From  their  mode  of  growth— viz.,  increase  at 
the  top  or  growing  point  only — ^they  are  known  as  Acrogens. 

2.  Phanerogamic  m>onocotyledons  —  Flowering  plants   with  one 

cotyledon  or  seed-lobe.  This  class  comprises  the  water-lilies j 
lilies f  aloes,  rushes,  grasses,  canes,  and  palms.  In  Skllusion  to 
their  growth — by  increase  within — ^they  are  termed  Ertdogens, 

3.  Phan&rogamic  polycotyUdons. — This  class,  as  the  name  indi- 

cates, is  furnished  with  flowers,  but  has  naked  seeds.  It  em- 
braces the  cycadece  or  cycas  and  zamia  tribe,  and  the  conifera 
or  firs,  pines,  and  yews.  In  allusion  to  their  naked  seeds, 
these  plants  are  also  known  as  Oymnogens  or  Oymnosperms, 

4.  Phanerogamiic  dicotyledons— Yioyr&mig  plants  with  two  cotyle- 

dons or  seed-lobes.  This  class  embraces  all  forest-trees  and 
shrubs — the  compositoi,  l^uminosce,  umheUiferce,  cnidfercB, 
and  other  similar  orders.  None  of  the  other  families  of 
plants  have  the  true  woody  structure,  except  the  conifera  or 
firs,  which  seem  to  hold  an  intermediate  place  between  mono- 
cotyledons and  dicotyledons ;  but  the  wood  of  these  is  readily 
distinguished  from  true  dicotyledonous  wood.  From  their 
mode  of  growth — increase  by  external  rings  or  layers — ^they 
are  termed  Exogens, 

164.  Such  are  the  fundamental  groupings  of  existing  plants, 
and  under  one  or  other  of  these  divisions  palseophytologists 
have  attempted  to  arrange  their  fossil  flora.  It  must  be  con- 
fessed, however,  that  fossil  botany  is  by  no  means  in  a  very 
satisfactory  state;  and  as  we  have  forms  to  which  there  are 
no  existing  generic  analogues  (lepidodendron,  dgiUaria^  stig- 
mariay  &c.),  so  it  may  turn  out  that  there  have  been  in  former 
epochs  whole  classes  of  vegetation,  forming,  as  it  were,  inter- 
mediate  links  between  the  \iha]ilog&xi^,  ^CYog^&ns^  gymnogens, 
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and  endogens  of  the  botanist,  and  yet  belonging  to  neither. 
In  naming  fossil  plants  whose  affinities  are  unknown,  the 
palaeontologist  in  general  adopts  some  term  which  will  best 
convey  an  idea  of  their  appearance,  as  lepidodendron  or  scaly- 
bark  tree,  gtigmaria  or  dotted-bark,  and  the  like.  Where 
some  appi:.enT  affinity  exists,  the  n^e  of  the  living  plant  is 
adopted,  with  the  termination  itea  or  lites  (lithos,  a  stone)  to 
show  that  the  organism  is  fossil.  Thus  we  have  chondrites 
(like,  or  allied  to,  the  living  sea-weed  ckondrus) ;  calamites  (like 
the  calamus  or  reed);  and  cycadites  (like,  or  allied  to,  the 
existing  cycas  revoluta).  Where  no  affinity  exists,  but  only  a 
general  resemblance  can  be  detected,  the  term  oid  (eidosy  like- 
ness or  resemblance)  is  used, — ssfiicoidy  resembling  the  sea- 
weed fucus ;  fiiicoid,  resembling  a  filix  or  fern.  In  every 
instance,  the  binomial  or  two-name  system  of  nomenclature  is 
closely  adhered  to — ^the  formet  term  indicating  the  genus^  the 
latter  the  species^  to  which  the  fossil  belongs, — as,  Sigillaria 
obovata,  the  sigillaria  having  oval-shaped  leaf-scars;  Stgil- 
laria  reniformisy  that  marked  by  kidney-shaped  leaf-scars. 

[Founding,  firsts  on  the  different  modes  of  reproduction  ;  secondf  on  the 
aspect  of  the  reproducing  organs  ;  thirdly^  on  the  primary  development ; 
and,  fourthly f  on  the  ultimate  development  of  the  plant, — botanists  arrive 
at  a  scheme  of  classification  which  may  be  tabulated  as  follows  : — 

awmifocARPS    (  (exoqens       ( Dicotyledons     /  Herbs,  Shrubs,  Timber 

8PEBMOCARPS     akoiosperms  \  ^^^^^^      ^  Monocotyle-     \     trees. 
Phj^^Lgj^]  (Endogens     (     ^^^  I  Grasses,  Sedges,  Palms. 

ruAHEBouAjna  ^QY^^^gpg^^g    Gymnooens     Polycotyledons    Cycads  and  Conifers. 

!/  /  Sporogams        /  Clubmosses,  Lycopods. 

Anoiospores   <  AcROGENS  -j  Thallogams       <  Ferns  and  Horsetails. 

V  (Axogams  (Mosses and  Liverworts. 

f  /  Hydrophytes     /  Algas  and  Confervse. 

Gtmnospores  •<  Amphioens  •<  Aerophytes       -J  Lichens. 

(  (  Hysterophytes  (  Fungi  or  Mushrooms. 

Subdividing  still  further  according  to  their  most  marked  characteristics, 
whether  external  or  internal,  the  botanist  arranges  all  the  forms  of  Vege- 
table Life  into  some  250  or  300  orders,  about  9000  genera,  and  nearly  150,000 
species.  As  most  of  these  distinctions,  however,  are  founded  on  the  form 
and  connection  of  the  flower,  fruit,  and  leaf — organs  which  rarely  occur  in 
connection  in  a  fossil  state— the  palaeontologist  is  g^ded  in  the  main  by 
the  great  structural  distinctions  already  adverted  to,  and  not  unfrequently 
by  the  simple  but  unsatisfactory  test  of  "  general  resemblance."] 

165.  Animals  may  be  arranged  into  two  great  divisions  or 
8ub-Hngdoms,  according  to  their  structure  and  i\mc.t\cm& — 
^,  the  Vertebrate  and  Invertebrate, — ^tlie  ioirckftT  ^c>^- 
^^mg  an  internal  bony  skeleton,  and  embracing  l\i^  FxsKes. 
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Amphibians,  Reptiles,  Birds,  and  Mammals;  the  latter  devoid 
of  such  skeleton,  but  generally  possessing  some  external 
covering  or  exoskeleton,  such  as  shells,  shields,  or  crusts,  and 
including  such  forms  as  the  Sponges,  Corals,  Worms,  Crabs, 
Insects,  and  Shell-fishes.  These  are  further  subdivided  into 
classes  and  orders,  of  which  the  following  is  a  brief  synopsis : 


SUB-KINGDOM    INVERTEBRATA. 

I.  Protozoa  (Lowest  Life). 

Animals  simple  or  compound;  generally  minute;  nearly  structureless 
substance,  "sarcode;"  no  definite  body-cavity;  no  nervous  system; 
no  differentiated  alimentary  apparatus,  or  but  a  very  rudimentary  one. 

1.  Gbeoaritod^  (Parasitic). — Gregarina. 

2.  RmzoPODA. — {Amoebea)  Amoeba,  Difflugia ;  {Foraminifera)  Lagena, 

Rotalia,  Globigerina ;  (Radiolaria)  Acanthometra,  Thallasicolla ; 
(Spongina)  Spongilla,  Grantia. 

3.  Infusoria. — ( CzYiato)  Paramoecium,  Vorticella;  {Floffellata)  Tata- 

nema,  Anisomena ;  (Sitctoria)  Podophyra. 

*»*  The  geological  functions  of  the  Protozoa  seem  to  be  the  building  up 
of  limestone  and  silica  from  the  waters  of  the  ocean — the  former  by  the 
foraminifera,  and  the  latter  by  the  radiolaria  and  spongina. 

II.   CCELENTERATA  (RaDIATA). 

Animals  simple  or  compound ;  body  of  two  fundamental  layers,  "ectodenn" 
and  "endoderm;"  alimentary  canal  communicating  freely  with  body- 
cavity  ;  mostly  no  nervous  system ;  distinct  reproductive  organs. 

1.  Hydrozoa: — 

a.  IlYDROTDA,.—{Rydrida)  Hydra ;  (Corynida)  Tubularia ;  {Theca- 
phora)  Sertularia,  Campanularia,  Plumularia. 

h.  Siphonophora. — {Calcyphorida!)  Praya;  {Phi/sophoridce)  Phy- 
salia,  Velella. 

c.  DiscoPHORA. — {Medusidas)  ^^gina,  Trachynema. 

d.  Ctenophora. — (BeroidcB)  Beroas ;  (Cestidce)  Cestum. 

e.  Lucernarida. — {Lucernariad(B)li\icerna.Tia.;  (Pe^o^Mfoe)  Pelagia, 

Aurelia ;  {Bhyzostomidce)  Rhizostoma. 

2.  ACTINOZOA  : — 

a.  ZOANTHARIA. — {AcUnidoe)  Sea  -  anemones ;  (ffyalonemadce) 
Glass-zoophytes ;  (Astroeidce)  Star-corals ;  {Mearvdrina)  Brain- 
corals  ;  (Madrepondce)  Madrepore-corals. 

h.  Alcyonabia. — (Alcyonidce)  Dead -men's -fingers;  (Tuhiporida) 
Organ-pipe-corals;  (PennaiulidcB)  Sea-rods,  Sea-pens;  (Oor- 
gonidce)  Fan-corals,  Red-corals. 

• 

*»*  The  geological  functions  of  the  Coelenterata  are  chiefly  restricted  to 
the  formation  of  limestone,  as  by  the  various  families  of  coral  in  the 
anner  waters  of  the  ocean. 
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in.  Annuloida  (Ringed  Animals). 

Animals  in  which  the  alimentary  canal  is  shut  off  from  the  body-cavity ; 
distinct  nervous  system :  sometimes  a  true  vascular  system ;  in  all  a 
**  water-vascular-system"  of  canals  communicating  with  the  exterior. 

1.  EcHiNODERMATA. — (Comatulidce)  Oomatula;    (Encrinidce)  Penta- 

crinus;  (Ophiuridce)  Ophiura,  Ophiolepis;  (Aaterida)  Uraster, 
Solaster;  {Echinida)  Echinus,  Cidaris;  {Hclothurida)  Sea-cu- 
cumbers. 

2.  Platelmia. — {Toeniada)  Tape-worms;  (Trematoda)  Flukes;  {Tur- 

bellaria)  Ribbon-worms. 

3.  Nematelmia. — (^can^Aoc^pAoto)  Thorn-headed  worms;  (Oordiacea) 

Hair-worms ;  (Nematoda)  Thread-worms. 

4.  Rotifera. — Wheel-animalcules. 

5.  Annelida.  —  (Gephyrea)   Spoon  -  worms ;    (HiTiidinea)   Leeches ; 

{iMmJbruiina)  Earth-worms;  {Tubicola)  Tube- worms;  (Errantia) 
Sand-worms,  Lobworm. 

*^*  The  geological  functions  of  the  Annuloida  are  restricted  to  the  for- 
mation of  limy  matter,  as  by  the  echinodermata  and  tube-worms. 

rV.  Annxjlosa  (Articulata). 

Animals  composed  of  numerous  definite  segments  or  "  somites "  arranged 
along  a  longitudinal  axis  ;  nervous  system  consisting  of  a  double  chain 
of  ganglia ;  limbs  turned  towards  the  neural  aspect  of  the  body. 

1.  Crustacea.  —  (Epizoa)  Lemaea;   (drnpedia)  Barnacles,   Acorn- 

shells  ;  {Entomoslraca)  Cyclops,  Cypris,  Daphnia ;  {Xiphosura) 
King-crabs ;  {Malacostraca,  sessile-eyed)  Whale-louse,  Woodlouse, 
Sandhopper;  (McUacostracat  stalk-eyed).  Shrimps,  Lobsters, 
Crabs. 

2.  Arachnida. — (Trachearia)  Cheese-mites,  Water-mites;  {PulnKm- 

aria)  Scorpions,  Spiders. 

3.  yLYBiAPODA.':-{Chil()poda)  Centipedes ;  (Chilognatha)  Millipedes. 

4.  Insecta.— (^nopZttra)  Lice ;  (MaUophaga)  Bird-lice ;  {Thysanura) 

Spring-tails ;  {Hemiptera)  Plant-lice,  Field-bugs ;  {Orthoptera) 
Locusts,  Grasshoppers;  {Neurcptera)  Dragon-flies,  Caddis-flies; 
{Aphaniptera)  Fleas ;  (Diptera)  House-flies,  Gnats ;  (Lepidopiera) 
Butterflies,  Moths ;  (Hymencptera)  Bees,  Ants ;  {Str^siptera) 
Stylops  ;  iColecptera)  Beetles,  Cockchafers,  Weevils. 

*^*  The  geological  functions  of  the  Annulosa  are  chiefly  restricted  to  the 
formation  of  limy  and  bituminous  matter — the  former  by  the  cmstacea  in 
general,  the  latter  by  the  extinct  family  of  trilobites  in  particular  (trilobitic 
shale  of  Canada). 

V.  Mollusca  (Soft  Bodies). 

Animal  soft-bodied ;  generally  with  a  shell  (exoskeleton) ;  alimentary  canal 
shut  off  fh>m  body-cavity;  nervous  system  of  a  single  ganglion  or 
scattered  pairs  of  ganglia. 
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1.  MOLLUSCOIDA  or  Mollusc-like  animals,  embracing— » 

a.  PoLYZOA  or  Bryozoa^  Sea-mats,  Eschara,  Fenestella. 
h,  TuNiCATA,  Sea-squirts,  Ascidians,  Salpa. 

2.  MoLLUSCA  Proper,  embracing — 

a.  Brachiopoda,  Lamp-shells,  Terebratula,  Lingula,  Crania. 
h,  Lamellibranchiata,  Oysters,  Scallops,  Mussels,  Cockles,  Razor- 
shells,  Gapers,  Borers. 

c.  Gasteropoda.  —  {Branchifera)    Wing-shells,     Whelks,    Peri- 

winkles, Cones,  Cowries,  Limpets ;  {PvZvncnifera)  Land-snails, 
Pond-snails,  Slugs. 

d.  'Pterovoda,— -(Shelled)  Glass-shells,  (naked)  Clio. 

e.  Cephalopoda. — (Dibranchiata)  Squid,  Calamary,  Cuttle-fishes ; 

(Tetrdbranchiata)  Pearly  Nautilus. 

%*  The  geological  functions  of  the  MoUusca  are  restricted  to  the  forma- 
tion of  calcareous  matter,  as  shell-beds  and  shell-limestones. 


SUB-KINGDOM    YERTEBRATA. 
I.  Pisces  (Fishes). 

Respiration  by  gills ;  heart  usually  one  auricle  and  one  ventricle ;  blood 
cold ;  limbs,  when  present,  in  the  form  of  fins. 

1.  Leptooardia. — (Fharyngobranchit)  Lancelet. 

2.  Cyolostomata. — (Marsipohranchii)  Lamprey,  Hagfish. 

3.  Teleostia. — (Maiacopieri)  Eels,  Herrings,  Pikes,  Carps,  Salmon, 

Trout,  Sheat-fishes,  Saury-pikes ;  {Anacanthini)  Sand-eel,  Cods, 
Flat-fishes ;  (Acanthopteri)  Wrasses,  Perches,  Gurnards ;  (Plectog- 
nathi)  Trunk-fishes,  File-fishes ;  {Lophdfyraiichi)  Sea-horses. 

4.  Ganoidea. — {Lepidoganoidei)  Bony-pike,  Polypterus;  (Flacogan- 

oidei)  Sturgeons,  Paddle-fish. 

5.  Selachia  (Holocephali)  Chimsera :  (Plagiostomi)  Cestraceon,  Sharks, 

Dog-fishes ;  (Batides)  Rays,  Saw-fishes. 

*»*  The  geological  interest  of  the  Fishes  consists  in  the  preservation  of 
their  bones,  scales,  teeth,  fin-spines,  and  coprolites. 

II.  Amphibia  (Amphibians). 

Respiration  at  first  by  gills,  afterwards  by  lungs,  or  by  lungs  and  gills ; 
adult  heart  of  two  auricles  and  one  ventricle ;  limbs  never  converted  into 
fins ;  when  median  fins  are  present,  they  a^e  never  furnished  with  fin- 
rays. 

1.  Lepidota. — Lepidosiren. 

2.  Apoda. — Blindworm. 

3.  Urod£la. — Water-newts,  Land-newts,  Proteus,  Siren. 

4.  Anoura  or  Batrachia.— Frogs,  Tree-frogs,  Toads. 

%*  The  geological  interest  of  the  Amphibia  consists  in  the  preservation 
of  their  honea,  teeth,  and  footprmta. 
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III.  Beftilia  (Beftiles  Profeb). 

Respiration  aerial ;  pulmonary  and  systemic  circulations  connected ;  blood 
cold ;  one  occipital  condyle ;  epidermic  covering  scales  or  plates  (scutes) ; 
oviparous  and  ovo-viviparous. 

The  Beptilia  may  he  arranged  into  four  orders : — 

1.  Chelonia.— Turtles,  Mud-turtles,  Tortoises. 

2.  Ophidia. — ^Vipers,  Snakes,  Sea-snakes,  Boas. 

3.  Lacbbtiua. — ^Lizards,  Monitors,  Geckos,  Chameleons. 

4.  Cbocodilia.— Crocodiles,  Alligators,  Gavials. 

*«*  The  geological  interest  of  the  Beptilia,  fossil  and  extinct,  consists  in 
the  preservation  of  their  bones,  teeth,  scutes,  coprolites,  and  footprints. 
Several  fossil  orders  have  had  to  be  erected  to  embrace  extinct  forms — viz., 
IcTUhyopterygia  (fish-like  reptiles),  Sawropterygia  (lizard-like),  Anomodontia 
(irregular-toothed),  Thecodontia  (sheath-tootiied),  Pterosauria  (winged), 
Deinosatma  (huge  or  terrible). 

IV.  Aves  (Birds). 

Respiration  aerial ;  air-sacs ;  heart  four-chambered  ;  circulations  distinct ; 
blood  warm ;  epidermic  covering  in  the  form  of  feathers ;  pectoral  limbs 
in  the  form  of  wings  ;  oviparous. 

1.  Natatores    (Swimmers). — Penguins,   Auks,    Guillemots,    Gulls, 

Petrels,  Ducks,  Flamingo. 

2.  Grallatores   (Waders).  —  Rails,   Water  -  hens.   Cranes,  Herons, 

Snipes,  Plovers. 

3.  CuRSORES  (Runners). — Ostrich,  Emeu,  Cassowary,  Apteryx. 

4.  Rasores  (Scrapers). — a.  Oallinacei—B&m'fowl,  Pea-fowl,  Guinea- 

fowl,  Pheasant,  Turkey,  Partridge,  Grouse ;  b,  Colurribacei  — 
Ground-pigeons,  Doves. 

5.  SCAMSORES  (Climbers). — Cuckoos,  Woodpeckers,  Parrots,  Toucans. 

6.  Insessores  (Perchers). — a.  Conirostres — Crows,  Magpies,  Starlings, 

Finches,  linnets ;  b.  DerUirostres — Shrikes,  Thrushes,' Blackbirds, 
Warblers;  c.  Tenui/rostres — Creepers,  Humming-birds,  Sunbirds, 
Hoopoes ;  d.  Fissvrostres — Swallows,  Swifts,  Goatsuckers,  Bee- 
eaters,  Kingfishers. 

7.  Raftores  (Seizers). — a.  Noctv/mes — Owls  ;  b,  IKwmes— Falcons, 

Hawks,  Eagles,  Vultures. 

*^  Birds  are  rarely  found  in  fossil  state,  only  their  bones,  teeth,  and 
footprints  occurring  in  certain  formations.  Two  extinct  orders  have  had 
to  be  erected — one  for  the  long-tailed  birds  {Sawruros),  and  another  for  the 
toothed  birds  {Odontornithidoe.) 

V.  Mammalia  (Sucklerb). 

Respiration  by  lungs;  no  air-sacs;  heart  four-chambered;  circtdations 
distinct ;  blood  warm ;  two  occipital  condyles ;  integoment  tqot^  Qt\^«& 
covered  with  hairs;  viviparous;  young  nouiiBhed.  "by  imliiDL  ft^ct^\AdL\y5 
spedal  glands. 
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A.  Aflacental,  bringing  forth  immature  young. 

1.  MoNOTREMATA  (One-vented). — Omithorhynchus,  Echidna. 

2.  Mabsupialia  (Pouched). — Wombats,  Kangaroos,  Opossums. 

B.  Placental,  bringing  forth  mature  young. 

1.  Cetacea  (Whales). — True  Whales,  Sperm-whales,  Dolphins,  Por- 

poises, Narwhals,  Manatee,  Dugong. 

2.  Pachydebmata  (Thick-skins), — Rhinoceros,  Tapirs,  Hippopotamus, 

Wart-hogs,  Pigs. 

3.  SoLiDUNGULA  (SoM-hoofs). — Horse,  Ass,  Zebra,  Quagga. 

4.  RuMiNANTLA  (Cud-chewers). — Camels,  Giraflfe,  Deer,  Elk,  Ante- 

lopes, Sheep,  Goats,  Oxen. 

5.  Edentata  (Toothless). — ^Ant-eaters,  Pangolins,  Armadilloes,  Sloths. 

6.  Rodentla  (Gnawers).  —  Hares,   Rabits,  Guinea-Pigs,  Porcupines, 

Beavers,  Rats,  Mice,  Squirrels. 

7.  Carnivora  (Flesh-eaters). — a.  Pirmigrade — Seals,  Walrus ;  &.  Plan- 

tigrade—  Bears,   Racoons,  Badgers;    c.  Digitigrade  —  Weasels, 
Civets,  Dogs,  Hyenas,  Cats,  Tigers,  Lions. 

8.  iNSEorrvoRA  (Insect-eaters). — Moles,  Shrews,  Hedgehogs,  Flying- 

lemurs. 

9.  Cheiroptera  (Hand- winged). — a.  Insectivora — Bats,   Horse-shoe- 

bats,  Vampires ;  h.  Frugivora — Fox-bats. 

10.  QuADRUMANA    (Four-handed). — Aye -ayes,    Lemurs,    Marmosets, 

Spider-monkeys,  Macaques,  Baboons,  Gibbons,  Orang,  Chimpan- 
zee, Gorilla. 

11.  BiMANA  (Two-handed). — Man. 

*«*  Mammals  occur  fossil  mainly  in  their  bony  skeletons,  teeth,  and 
antlers. 

166.  Like  all  other  systems  of  classification,  the  preceding  is 
in  a  great  measure  artificial  and  provisional,  and  must,  before 
it  presents  an  adequate  view  of  animated  nature,  receive  many 
modifications  and  corrections.  As  it  is,  existing  animals  can 
be  arranged  more  or  less  harmoniously  under  its  subdivisions  ; 
and  even  the  majority  of  extinct  forms  take  rank  and  order 
without  much  incongruity.  The  new  and  marvellous  forms 
which  Palaeontology  has  added,  and  is  daily  adding,  to  the 
fauna  of  the  world,  are  merely  filling  up  the  details — the 
variety  and  richness  of  the  patterns  on  the  web  of  created 
existence;  and  instead  of  perplexing,  serve  as  intermediate 
and  connecting  links  between  points  which  the  zoologist  had 
hitherto  considered  abnormal  and  aberrant.  The  encrinites 
and  trilobites,  the  sauroid  and  theroid  animals  of  the  palaeon- 
tologist, are  throwing  new  light  and  consistency  on  the  plan 
of  creation ;  and  henceforth  there  can  be  no  adequate  scheme 
of  classification  which  does  not  embrace  in  its  categories  ex- 
tinct as  well  as  living  forms.  In  treating  of  fossil  forms,  the 
p^m^dogist,  though  he  has  had  to  establish  a  vast  number 
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of  new  and  provisional  species,  has  had  to  invent  no  new 
scheme  of  classification  or  zoological  nomenclature,  and  with 
few  exceptions  the  vocabulary  of  Zoology  is  the  same  as  that 
of  Palaeontology.  The  termination  oid  (Gr.  eidos,  form  or  like- 
ness) is  of  frequent  occurrence,  and  merely  expresses  resem- 
blance, as  sauroid ,  Qizard-lJke),  mytUoid  (mussel-like),  &c.; 
while  the  termination  ite  or  lite  (litkos,  a  stone)  indicates 
the  fossil  nature  of  the  organism,  as  ichthyolite  (fish-fossil), 
ichnite  (fossil  footprint),  and  the  like.  Perhaps  one  of  the 
widest  deviations  from  zoological  nomenclature  is  that  adopted 
by  Agassiz  in  treating  of  fossil  fishes,  and  as  this  is  met  with 
at  every  turn  in  speaking  of  these  interestiog  remains,  the 
following  explanations  may  be  of  use  to  the  student. 

167.  As  the  scales  or  external  coverings  (the  exoskeletons) 
are  often  the  beat-preserved  portions  of  the  palaeozoic  fishes, 
which  are  chiefly  cartilaginous,  and  therefore  deficient  in  a 
bony  or  eudo-skeleton,  it  occurred  to  M.  Agassiz  to  arrange 
fishes  into  four  great  orders  according  to  the  structure  of  the 
external  parts — namely,  the  ganoid,  'placoid,  ctenoid,  and 
cycloid.  I.  The  ganoid  (Gr.  ganos,  splendour)  are  so  called 
from  the  shining  or  enamelled  surface  of  their  scales.  These 
scales  are  generally  angular,  are  regularly  arranged,  entirely 
cover  the  body,  are  composed  internally  of  bone,  and  coated 
with  enamel.  Nearly  all  the  species  referable  to  this  division 
are  extinct ;  the  sturgeon  and  bony-pike  of  the  North  Ameri- 
can lakes  are  living  examples.     2.  The  placoid  (j>lax,  a  plate) 


8 


1,  Ganoid;    2.  Raooid;    3,  Ctenoid:    and.  4,  Cycloid  Scales. 
5,  Heteroceroal ;    0.  Homocercal  Tail. 

have  their  skins  covered  irregularly  with  plates  of  enamel, 
often  of  considerable  dimensions,  but  sometimes  reduced  to 
mere  points,  like  the  shagreen  on  the  skin  of  the  shark,  or 
the  prickly  tubercles  of  the  ray.  This  order  comprises  all 
the  existing  cartilaginous  fishes,  with  the  exception  of  the 
sturgeon.     3.  The  ctenoid  (kteis,  ktenos,  a  comb)  have  their 
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scales  of  a  homy  or  bony  substance  without  enamel,  and 
jagged  on  the  posterior  edge  like  the  teeth  of  a  comb.  The 
perch  may  be  taken  as  a  living  example  of  this  division. 
4.  The  cycloid  (kyklos,  a  circle)  have  smooth,  bony,  or  homy 
scales,  also  without  enamel,  but  entire  or  rounded  at  their 
margins.  The  herring  and  salmon  are  living  examples  of 
this  order,  which  embraces  the  majority  of  existing  species. 
Besides  these  distinctions,  it  is  also  usual  to  recognise  fossil 
fishes  as  heterocercal  and  homocercal;  that  is,  according  as 
their  tails  are  unequally  or  equally  lobed.  Thus,  in  heterocercal 
species  (heteros,  different,  and  kerkos,  a  tail)  the  tail  is  chiefly 
on  one  side,  like  that  of  the  shark  and  sturgeon,  the  backbone 
being  prolonged  into  the  upper  lobe;  in  homocercal  species 
(homos,  alike)  the  lobes  of  the  tail  are  equal  or  similar,  as  in 
the  salmon  and  herring.  In  palaeontology  this  distinction,  as 
will  afterwards  be  seen,  is  an  important  one,  all  the  fishes  of 
the  palaeozoic  periods  being  heterocercs,  the  equally-lobed  and 
single-rounded  tails  being  characteristic  of  more  recent  and 
existing  species. 

168.  Besides  those  distinctions  which  depend  on  the  struc- 
ture and  form  of  plants  and  animals,  there  are  others  which 
should  be  constantly  kept  in  view  by  the  geologist ;  namely, 
those  depending  on  climate,  habitat,  and  mode  of  life.  The 
plants  of  the  tropics  are  very  unlike  those  of  polar  regions, 
both  in  number,  size,  and  character;  the  trees  of  a  genial 
climate  are  always  more  uniform  and  equable  in  growth  than 
those  of  a  region  subjected  to  extremes  of  heat  and  cold; 
marine  plants  and  animals  are  essentially  different  from  those 
inhabiting  fresh  waters ;  aquatic  plants  and  amphibious  ani- 
mals present  a  very  different  appearance  from  those  constantly 
existing  upon  dry  land ;  while  the  life  of  the  plain  and  the 
marsh  is  altogether  distinct  from  that  which  flourishes  in  the 
dry  and  lofty  upland.  Each  race  of  plants  and  animals  is, 
moreover,  perfectly  adapted  for  the  functions  it  has  to  per- 
form in  the  economy  of  nature ;  and  is  furnished  with  peculiar 
organs,  according  to  the  kind  of  food  upon  which  it  lives,  and 
the  other  habits  it  displays.  Thus,  one  set  of  organs  indi- 
cates swiftness,  another  strength,  a  third  prehensile  or  seiz- 
ing powers,  a  fourth  climbing,  leaping,  or  swimming  powers, 
a  fifth  that  the  animal  lives  on  roots,  on  herbage,  or  on  the 
flesh  of  others.  As  in  the  vegetable  and  animal  economies 
of  the  present  day,  so  in  all  former  epochs;  and  thus  the 
geologist,  by  analogy  and  comparison,  is  able  to  decide  as  to 
the  character  of  the  fossil  plants  and  animals  which  he  dis- 
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covers.  He  finds  in  their  structures  and  skeletons  a  key 
to  the  modes  of  their  existence,  and  can  tell  therefrom 
whether  they  lived  in  the  waters  or  on  dry  land,  in  fresh  or 
in  salt  water,  in  a  cold  or  in  a  hot  climate ;  wheth^  animals 
browsed  upon  plants,  or  lived  upon  other  animals ;  whether 
they  are  furnished  with  organs  indicating  an  amphibious  ex- 
istence; and  in  general  can  determine  their  character  and 
modes  of  existence.  Moreover,  as  certain  classes  of  plants 
and  animals  indicate  certain  geographical  conditions,  the 
geologist  will  be  enabled  by  their  remains  to  decipher  the 
past  history  of  our  globe,  and  so  arrive  at  that  which  is  the 
aim  and  object  of  all  true  geological  research. 


NOTE,    EECAPITULATOEY  AND   EXPLANATORY. 

169.  In  the  preceding  chapter  we  have  endeavoured  to  point 
out  the  more  prominent  characteristics  of  fossils,  that  the  stu- 
dent may  be  prepared  to  enter  with  intelligence  on  the  con- 
sideration of  the  Fossiliferous  Systems.  These  systems,  it  has 
been  stated,  may  be  viewed  in  two  great  aspects,  either  as  re- 
gards their  mere  mineral  and  physical  relations,  or  as  regards 
the  plants  and  animals  found  fossil  in  their  strata.  The 
former  constitutes  the  Lithology  of  a  formation,  the  latter  its 
Palaeontology,  and  both  must  be  taken  into  account  in  at- 
tempting to  arrive  at  a  knowledge  of  the  cosmical  conditions 
under  which  its  strata  were  deposited.  Some  acquaintance  with 
botany  and  zoology  is  therefore  indispensable  to  the  geologist ; 
not  that  he  has  to  work  out  the  details  of  these  sciences  as  a 
professed  botanist  or  zoologist,  but  that  he  must  know  enough 
of  their  general  principles  to  be  able  to  apply  them  to  the  solu- 
tions of  his  own  special  problems.  For  this  purpose  he  should 
acquaint  himself  with  the  leading  features  of  plants  and  ani- 
msds;  their  classification  and  relations  in  .the  scale  of  being; 
their  habits  and  mode  of  life ;  their  geographical  dispersion,  as 
influenced  by  food  and  climate ;  and,  above  all,  their  mutual 
dependence  and  connection  as  exponents  of  terrestrial  condi- 
tions. As  a  geologist,  a  little  practice  will  soon  enable  him  to 
distinguish  between  the  concentric  layers  of  exogenous  and 
the  pitted  fibrous  tissue  of  endogenous  wood;  between  the 
reticulated  venation  of  a  dicotyledonous  and  the  parallel  vena- 
tion of  a  monocotyledonous  leaf,  and  between  the  vascular 
structure  of  a  terrestrial  shrub  and  the  cellular  mass  of  a  sea- 
weed.    So  also  he  will  readily  learn  to  distinguish  the  lami- 
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nated  texture  of  shell  from  the  cancellated  texture  of  boDe ;  the 
bony  texture  of  a  fish-apine  from  the  granular  arrangement  of  a 
crustacean  claw  ;  the  grinder  of  a  mammal  from  the  tooth  of  a 
shark  ;  or  the  bone  of  a  quadruped  from  the  air-celled  bone  of 
a  bird.  To  do  this— leaving  tixe  more  intricate  anatomical 
dietinctiona  to  be  worked  out  by  the  professed  botanist  and 
zoologist — is  no  very  difficult  task  ;  the  higher  aim  is  to  link 
in  order  the  various  grades  of  vegetable  and  animal  life  as  de- 
veloped in  point  of  time  and  coamical  progress. 

170.  To  the  student  who  may  wish  to  enter  more  fully  into 
zoological  and  botanical  considerations,  we  may  recommend 
the  Text-Books  of  Zoology  by  Dr  Alleyne  Kicholson,  and 
those  of  botany  by  Profesaor  BaKour  and  Dr  Eobert  Brown. 
For  palteontological  study  we  may  refer  him  to  Inndley  and 
Button's  '  FosmJ  Flora ; '  Dr  Mautell's  '  Medals  of  Creation ; ' 
Agassiz'  'Poissons  Foasiles;'  Cuvier's  '  Osaemens  Fossilea;' 
Nicholson's  '  Palffioutology ; '  Owen's  '  Palffioutology ; '  his 
'  Fossil  Mammals  of  Britain ; '  and  his  numerous  papers  and 
reports  in  the  '  Proceedings  of  the  British  Association,'  the 
'  Transactions  and  Journal  of  the  Geological  Society,'  &c. ; 
the  '  Decades '  of  the  Geological  Survey ;  Woodward's  '  Liv- 
ing and  Fossil  Shells;'  the  general  '  Palaeontographiea '  of 
Pictet,  of  d'Orbigny,  of  Pander,  and  of  Dunker  and  Ton 
Meyer;  the  various  'Monographs  of  the  Palfeontogiaphical 
Society ; '  Bailly's  '  Illustrated  Catalogue  of  British  FoMila ; ' 
and  as  a  handbook  of  reference,  Professor  Morris's  invaluable 
'  Catalogue  of  British  Fossils.' 
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THE   LAURENTIAN   SYSTEM: 

EMBRACING   THE   EARLIEST   FOSSILIFEROUS   SCHISTS,    SLATES, 

AND   ALTERED   LIMESTONES. 

17 1.  As  stated  more  fully  in  Chapter  VIII.,  the  Metamorphic 
System  is  to  be  regarded  merely  as  a  provisional  arrangement 
for  such  rocks  as  have  undergone  a  high  degree  of  metamor- 
phism,  and  in  which  no  fossils  have  as  yet  been  detected.  In 
districts  where  the  mineral  alteration  has  been  less  intense, 
fossils  may  naturally  be  looked  for,  and  when  such  are  found, 
the  containing  strata  are  necessarily  classed  with  the  fossil  i- 
ferous  formations.  In  this  way  has  arisen  the  Laurentian  sys- 
tem— so  called  from  its  vast  development  along  the  St  Law- 
rence in  Canada.  These  Laurentian  strata,  till  the  year  1862, 
were  regarded  as  metamorphic,  consisting  as  they  do  of  crys- 
talline rocks — ^gneisses,  quartzites,  schists,  slates,  serpentines, 
and  serpentinous  limestones.  At  that  period  the  officers  of  the 
Canadian  Survey  detected  in  the  limestones  and  serpentines 
certain  nodular  masses  which  they  attributed  to  coral  growth, 
but  which,  on  closer  inspection,  were  found  to  be  of  f oramini- 
feitil  origin.  The  discovery  was  at  first  doubted,  but  on  sub- 
sequent examination  was  fully  confirmed  by  Sir  W.  Logan, 
Principal  Dawson,  Dr  Carpenter,  and  other  competent  authori- 
ties ;  as  well  as  by  the  detection  of  similar  organisms  in  meta- 
morphosed rocks  holding  an  equivalent  place  in  Bohemia, 
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Ireland,  and  Scandinavia.  To  Sir  William  Logan  we  thus 
owe  the  first  definings  of  the  Laurentian  system,  as  separable 
from  what  had  hitherto  been  regarded  as  azoic  or  non-f ossili- 
f erous  strata. 


Lithology  and  Physical  Aspects. 

172.  As  the  oldest  fossilif erous  system,  the  Laurentian 
consists,  in  the  typical  district  of  the  St  Lawenceand  Lauren- 
tide  mountains,  of  a  vast  thickness  (30,000  feet  or  thereby)  of 
crystalline  strata  like  the  gneiss,  quartz-rocks,  limestones,  and 
serpentines  of  the  Western  Highlands  and  North-western 
Hebrides ;  or  more,  perhaps,  like  the  still  harder  and  more 
granite-looking  schists  of  the  Scandinavian  mountains.  "  The 
rocks  of  the  system  "  (to  quote  Sir  William's  own  description) 
"are  almost  without  exception  ancient  sedimentary  strata 
which  have  become  highly  crystalline.  They  have  been  very 
much  disturbed,  and  form  ranges  of  hills  having  a  direction 
nearly  north-east  and  south-west,  rising  to  the  height  of  2000 
or  3000  feet,  and  even  higher.  The  rocks  of  this  formation 
are  the  most  ancient  known  on  the  American  continent,  and 
correspond  probably  to  the  oldest  gneiss  of  Finland  and  Scan- 
dinavia, and  to  some  similar  rocks  in  the  north  of  Scotland. 
They  consist,  in  great  part,  of  crystalline  schists  (chiefly  gneis- 
soid  or  hornblendic),  associated  with  felspars,  quartzites,.  and 
limestones,  and  are  largely  broken  up  by  granites,  syenites, 
and  diorites,  which  form  important  intrusive  masses.  Among 
the  economic  minerals  of  the  formation  the  ores  of  iron  are  the 
most  important,  and  are  generally  found  associated  with  lime- 
stones.'' There  are  no  sandstones  nor  shales,  nor  limestones 
in  the  proper  sense  of  the  term,  though  beds  of  an  unmistak- 
ably conglomeratic  character  are  occasionally  met  with.  All 
these  have,  ages  ago,  been  converted  by  heat,  pressure,  and 
chemical  action,  into  sparkling  crystalline  rockis ;  lines  and 
layers  of  stratification  are  obscure  and  often  altogether  obliter- 
ated ;  veins  and  eruptive  masses  of  syenite  and  greenstone 
are  frequent ;  and  altogether  the  whole  system  wears  the  as- 
pect of  a  vast  and  venerable  antiquity.  It  is  usually  divided 
into 


.  _  ,feii  the  wh 


Upper  Laubentian  or  Labrador  Series,  and 
Lower  Laurentian  ; 

the  whole  is  so  metamoxpliosed  that  subdivision  is  usually 
and  for  all  ordinary  T^>xr90^^\\.Taa.'^\ifc<iiCitiaidered 


PAL^ONIOLOOT. 


as  a  vast  alternation  of  ciystalline  schists,  quartzites,  lime- 
stones, and  serpentines  with  included  beds  and  masses  of 
graphite  and  reins  of  iron-ore. 


PslKODtology. 

173.  In  rocks  that  have  undergone  so  much  change  in 
structure  and  texture,  fossil  remains  are  scarcely  to  bs  ex- 
pected— the  metomorphism  that  induced  the  cryBtalline  char- 
acter being  sufficient  to  obliterate,  or  all  but  obliterate,  every 
trace  of  organic  exiatence.  And  yet  in  some  scrpentiuous 
limestones  diligent  research,  aided  by  the  microscope,  has 
detected  the  presence  of  organic  structure — this  structure 
being  many-celled  calcareous  masses  elaborated  by  foramini- 
fera,  or  the  lowest  forms  of  animal  life.  This  cell-structure, 
visible  only  through  the  microscope,  is  so  distinctive  as  com- 
pared with  any  mere  mineral  texture,  that  no  doubt  remains 
among  competent  observers  as  to  its  animal  origin ;  and  thus 
these  old  Laurentian  schists  have  been  erected  into  an  inde- 
pendent foasiliferouH  system — the  lowest  or  earliest  with  which 
geology  is  yet  acquainted.  The  organism,  Eozoim  CanadeTise, 
or  Dawn-animalcule  of  Canada,  occurs  in  coral-like  masses, 
forming  layers  or  bands  in  the  thick-bedded  serpentines  of  the 


St  Lawrence,  and  has  also  been  more  recently  detected  in  rocks 
apparently  of  the  same  age  in  Ireland,  Bohemia,  and  Sca.'O!^- 
navia.      That  aimilar- organisms  may  \)e   diacoveTB&.  'yo.  "Ooft 
aerpentines  of  other  regiouB  is  not  impro\>a.\>\& ',  \i\A,  va  'iia 
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meantime,  where  fossils  do  not  occur,  and  where  the  strati- 
graphical  sequence  from  Silurian  into  Cambrian  and  from 
Cambrian  into  a  still  older  series  is  not  very  obvious,  it  will 
be  better  to  regard  such  "unresolved  schists"  merely  as 
MetaToorphiCy  without  attempting  to  define  them  either  as 
Cambrian  or  Laurentian.  The  crystalline  schists,  quartzites, 
and  serpentines  of  the  Scottish  Highlands,  for  example,  may 
be  altered  Silurians  or  Cambrians,  or  both;  but  in  the 
absence  of  organic  remains  and  unbroken  stratigraphical 
sequence,  it  is  better  merely  to  regard  them  as  Metamorphic, 
without  hazarding  a  conjecture  which  may  hereafter  turn  out 
to  be  erroneous. 

174.  In  the  preceding  paragraph  it  has  been  stated  that  no 
doubt  remains  among  competent  observers  as  to  the  animal 
origin  of  the  Eozoon  Canadense ;  but  the  student  should  also 
be  informed  that  its  organic  nature  has  been  called  in  ques- 
tion by  some  who  regard  it  merely  as  a  peculiar  mineral 
structure  mimetic  of  the  organic — examples  of  such  simulative 
structures  being  well  known  in  other  formations.  Those  who 
take  further  interest  in  the  matter  may  refer  to  the  *  Journals 
of  the  London  Geological  Society*  for  1865  and  1866,  in 
which  the  animal  origin  is  upheld  by  Dr  Carpenter,  Principal 
Dawson,  Professor  Jones,  and  others — ^and  the  mineral  char- 
acter, on  the  other  hand,  advocated  chiefly  by  Professors 
King  and  Rowney  of  Galway.  In  the  meantime  the  evidence 
in  favour  of  the  organic  view  preponderates,  and  has  since 
been  corroborated  not  only  by  the  finding  of  less  mineralised 
specimens,  but  by  the  discovery  of  tracks  and  burrows  sup- 
posed to  be  those  of  annelids,  as  well  as  by  the  detection  of 
other  foraminiferal  cell-growth  (Archceospherince)  and  traces 
of  unknown  organic  structure.  Besides,  the  prevalence  of 
graphite  in  Laurentian  rocks  would  seem  to  indicate  the 
existence  of  a  pretty  abundant  flora,  for  as  yet  science  knows 
no  other  source  of  carbon  save  that  by  the  elaboration  and 
growth  of  vegetable  life.  In  all  likelihood  the  discovery  of 
other  forms  in  these  ancient  rocks  will  shortly  follow,  thus 
proving  that  Life  on  our  globe  (Vegetable  and  Animal)  was 
coeval  with  the  stratified  rocks,  and  that  the  physical  condi- 
tions which  permitted  the  waste  of  old  rocks  and  the  deposi- 
tion of  new  must  at  the  same  time  have  been  favourable  to 
the  manifestation  of  some  form  or  other  of  vitality. 

[Contending  for  the  fossiliferous  character  of  the  Lanrentian  system, 
Principal  Dawson,  in  his  '  Dawn  of  Life,'  asks  why  we  should  refuse  an 
organic  origin  to  its  limestones,  which  are  often  of  enormous  thickness, 
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when  we  find  that  the  limestones  of  other  systems  are  mainly  due  to  the 
same  agency — ^to  corals,  encrinites,  and  foraminifera  ?  Again,  referring  to 
the  graphite,  he  says :  ''  So  abundant  is  it,  that  I  have  estimated  the 
amount  of  carbon  in  one  division  of  the  Lower  Laurentian  of  the  Ottawa 
district  at  an  aggregate  thickness  of  not  less  than  twenty  or  thirty  feet,  an 
amount  comparable  with  that  of  the  true  Coal  formation  itself.  Now  we 
know  of  no  agency  existing  in  present  or  in  past  geological  time  capable  of 
deoxidising  carbonic  acid,  and  fixing  its  carbon  as  an  ingredient  in  per- 
manent rocks,  except  vegetable  life.  Unless,  therefore,  we  suppose  that 
there  existed  in  the  Laurentian  age  a  vast  abundance  of  vegetation,  either 
in  the  sea  or  on  the  land,  we  have  no  means  of  explaining  the  Laurentian 
graphite.  Further,  the  Laurentian  formation  contains  great  beds  of  oxide 
of  iron,  sometimes  seventy  feet  in  thickness.  Here,  again,  we  have  an 
evidence  of  organic  action,  for  it  is  the  deoxidising  power  of  vegetable 
matter  which  has  in  all  the  later  formations  been  the  efficient  cause  in 
producing  bedded  deposits  of  iron.  This  is  the  case  in  modem  bog  and 
lake  ores,  in  the  clay  ironstones  of  the  Coal-measures,  and  apparently  also 
in  the  great  ore-beds  of  the  Silurian  rocks.  May  not  similar  causes  have 
been  at  work  during  the  Laurentian  period  ?  "  These  and  other  facts,  he 
concludes,  form  a  chain  of  evidence  so  powerful  as  to  the  existence  of 
Laurentian  flora  and  fauna,  that  it  might  command  belief  even  if  no  frag- 
ment of  any  organic  and  living  form  or  structure  had  ever  been  recognised 
in  these  ancient  rocks.] 

Industrial  Products. 

175.  The  economic  products  obtainable  from  the  system 
are  serpentines,  marbles,  quartzites,  graphite,  and  ores  of  iron 
" — at  present  little,  if  at  all,  used,  but  waiting  in  inexhaustible 
supplies  the  demands  of  a  busier  industry  and  increased  popu- 
lation. The  ores  of  iron  and  graphite  are  especially  valuable, 
as  being  readily  available  in  the  event  of  Canada  ever  becom- 
ing a  mechanical  and  manufacturing  country. 


NOTE,   RECAPITULATOEY  AND   EXPLANATOEY. 

176.  In  the  preceding  paragraphs  we  have  given  an  outline 
of  the  oldest  fossiliferous  system  yet  known  to  Geology,  and 
of  the  reasons  for  its  separation  from  the  Metamorphic  rocks 
with  which,  till  recently,  its  highly  altered  and  crystalline 
strata  were  associated.  Regarding  the  term  Metamorphic  as 
merely  provisional,  and  equivalent  to  Non-fossUiferouSy  it  is 
obvious,  when  organic  remains  have  been  detected  in  any  por- 
tion of  its  strata,  that  these  can  no  longer  be  called  by  the 
name,  but  must  be  erected  into  an  independent  Life-period. 
In  this  way  has  arisen  the  Laurentian  system,  which  is  clearly 
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separable  from  the  underlying  schists,  in  whose  more  highly 
altered  structure  and  texture  no  trace  of  organic  remains  has 
been  yet  detected.  These  schists  may  still  be  designated 
Metamarphic,  which  simply  refers  to  their  altered  mineral 
condition ;  or  they  may  he  termed  unresolved  ichisU,  as  imply- 
ing the  belief  that  they  may  contain  traces  of  life,  and  may 
at  some  future  period  be  resolved  into  separato  systems. 
Occupying  wide  areas  along  the  St  Lawrence  and  Lauren- 
tide  moimtains,  which  may  be  taken  as  the  typical  region, 
similar  strata  have  been  found  in  the  North-Westom  Hebri- 
des, in  Wicklow  and  Galway  in  Ireland,  in  the  Scandinavian 
mountains,  and  in  Bohemia ;  and  in  all  likelihood  their 
equivalents  may  yet  be  detected  in  other  so-called  Metamor- 
phic  re^ons.  Such  a  discovery  would  not  interfere  with  any 
fact,  or  overturn  any  legitimate  deduction,  in  Geology;  it 
would  only  carry  the  origin  of  life  immeasurably  back  in  time, 
which  in  many  respects  would  be  a  gain  to  the  theory  of  orderiy 
evolution  and  development  Further  infonnation  respecting 
this,  the  most  ancient  Life-system  yet  discovered,  may  be  ob- 
tained by  referring  to  the  'Geology  of  Canada'  (1862),  by  Sir 
William  Logan  and  his  fellow-officers  of  the  Survey ;  to  the 
'Journal  of  the  Geological  Society,'  for  i86g,  r866,  and  1876, 
which  contains  various  papers  by  Drs  Carpenter  and  Dawson, 
and  others,  respecting  the  organic  nature  of  Eozodn ;  and  more 
recently,  to  the  compendious  little  volume  entitled  '  The  Dawn 
of  Life,'  by  Principal  Dawson. 
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THE    CAMBRIAN    SYSTEM: 

EMBRACING  THE  LOWER  AND  UPPER  SERIES  OP  FOSSILIPEROUS 
SCHISTS,    SLATES,    AND   GRITS,   LESS   METAMORPHOSED 

THAN   THE  LAURENTIAN. 


Lithology  and  Distribution. 

177.  Above  the  Laurentian,  and  having,  on  the  whole, 
undergone  much  less  metamorphism,  occur  the  schists,  slates, 
grits,  and  crystalline  limestones  of  the  Cambrian  system, 
typically  displayed  in  the  mountains  of  Western  Wales — ^the 
"Cambria"  of  our  ancestors.  To  Professor  Sedgwick  (1834) 
we  owe  the  first  definings  of  the  system,  which  has  since  been 
more  minutely  investigated  and  subdivided  by  others,  and 
especially  by  the  officers  of  the  Geological  Survey.  In  con- 
sequence of  its  lesser  metamorphism,  not  only  is  stratification 
more  distinct,  but  the  sedimentary  texture  is  less  altered  and 
the  contained  fossils  more  readily  procured  and  legible.  Like 
other  formations,  the  Cambrian  may  vary  in  composition  in 
different  regions,  sometimes  being  more  slaty,  and  at  others 
more  schistose  and  crystalline,  but,  on  the  whole,  slates, 
schists,  grits,  and  altered  limestones,  to  the  thickness  (as  in 
Wales)  of  15,000  or  20,000  feet,  may  be  taken  as  the  usual 
composition  of  the  system.  In  the  typical  district  of  Wales  it  is 
usual  to  arrange  the  strata  into  a  lower  and  upper  zone — ^the 
upper  insensibly  merging  into  the  Silurians  above — thus : 

N 


i 
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Upper. 


STremadoc  slates  ;  dark  earthy  slates  with  pisolitic  iron-ore. 
Lingula  flags  ;  micaceous  flagstones  and  shales. 
!St  David's  (Menevian)  beds ;  dark-grey  flags,  purple  slates,  and 
gritty  sandstones. 
Harlech  grits ;  sandstones  and  silicions  grits. 
Llanberis  slates ;  slates  with  intercalated  grits. 

As  in  all  the  older  or  Palaeozoic  systems,  the  Cambrian  is 
frequently  broken  through  by  dykes  and  masses  of  granite, 
porphyry,  and  felstone,  interrupted  by  ash-beds,  as  well  as 
traversed  by  veins ;  hence  its  importance  as  repository  of  the 
minerals  and  metals. 

178.  Kespecting  the  extent  and  distribution  of  the  Cambrian 
system,  our  knowledge  is  yet  partial  and  imperfect,  but  strata 
containing  similar  fossils  with  those  of  Wales  have  been 
found  in  the  Lake  District,  in  Ireland,  in  the  Hebrides, 
Bohemia,  Scandinavia,  Canada,  the  United  States  of  North 
America,  along  the  lower  flanks  of  the  Andes,  and,  indeed, 
in  association  with  all  older  mountain-ranges  of  the  world. 

Physical  Aspects. 

179.  The  physical  aspects  of  Cambrian  regions  are  much 
the  same  as  those  that  characterise  the  Metamorphic  and 
Laurentian — bold,  rugged  mountain -ranges,  abounding  in 
steep  precipices  and  splintery  peaks;  deep  narrow  gorges; 
and  all  that  irregularity  of  surface  that  belongs  to  slaty  and 
schistose  formations  when  weathered  and  worn  down  by 
meteoric  agency.  The  Northern  Hebrides,  Scandinavia, 
Western  Wales,  and  the  mountains  of  Cumberland  or  the 
Lake  District,  may  be  taken  as  types  of  the  physical  geo- 
graphy and  scenery  peculiar  to  Cambrian  regions. 

Palaeontological  (Characteristics. 

180.  As  regards  organic  remains,  the  system  has  yielded 

impressions  of  sea-weeds 
{fucoids),  undetermined 
zoophytes  (Oldhamia),  ob- 
scure hydrozoa  {c/raptoli- 
tidce),      Crustacea      (para- 

T..,      .         TT*_ .  doxides,    olenus,    aqnostus. 

Didymoftrapeus  V-fractu«.  ,         ,'  .-i    ,  .         r  , 

and  other  tnlobites),  tracks 
and  burrows  of  annelids  (arenicolites,  histioderma,  and  scoli- 
thus),  and  other  tracks  and  impressions  less  distinct  and  ascer- 
tainable.    The  Echinoderms  are  represented  by  star-fish  (jxd- 
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dtterina)  and  by  encrmitea  {dendrocnnui).     The  system  has 
also  yidded  a  pretty  abundant  molluscan  fauna — brachiopods 


(lin^tda,   obolella);    lamellibranchs    or    true    bivalves   (area, 
nucttla);  gasteropoda  (bdlerophon  and  Mctdurea);  pteropods 


(tkeca) ;  and  cephalopoda  or  chambered  shells  {ortJiocerae,  cytto- 
cerat,  iic.)    On  the  whole,  the  flora  and  fauna  are  of  lav\% 
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nature,  and  but  sparingly  scattered  through  the  strata ;  and 
though  usually  exhibiting  the  same  generic  types  as  the  lower 
Silurians,  yet  when  critically  examined  are  found  to  belong 
to  different  species.  Physical  impressions  are  numerous  in 
the  shape  of  ripple-marks,  sun-cracks,  and  rain-prints— all 
pointing  to  the  continuity  of  nature  even  in  the  slightest  and 
most  trivial  process. 

Industrial  Products. 

1 8 1.  As  an  industrial  repository  the  system  yields  slates  of 
unrivalled  quality,  serpentines,  and  phosphorite  containing 
from  45  to  64  per  cent  phosphate  of  lime,  and  ores  of  iron, 
tin,  copper,  silver,  and  other  metals.  Indeed  it  is  chiefly  in 
these  earlier  formations,  whether  called  Metamorphic,  Laur- 
entian,  Cambrian,  or  Silurian,  that  the  richest  metaUiferous 
veins  occur,  nature  having  had  longest  time,  as  it  were,  to 
elaborate  those  ores  from  the  solutions  that  are  incessantly 
percolating  the  chinks  and  fissures  of  the  crust.  The  great 
value  of  primary  districts  lies  in  their  metalliferous  lodes 
and  veins,  or  in  the  stream-drifts  that  have  been  weathered 
and  worn  in  course  of  ages  from  these  veins  in  the  cliffs 
and  precipices  above.  It  is  in  these  regions,  rugged  and 
inhospitable  as  they  may  be,  that  the  mining  industry  of 
the  world  is  chiefly  situated — ^their  subterranean  wealth  com- 
pensating, and  often  more  than  compensating,  for  their  want 
of  agricultural  fertility  and  amenity. 


NOTE,  EECAPITULATOEY  AND  EXPLANATORY. 

182.  In  the  preceding  paragraphs  a  brief  outline  is  given 
of  the  Cambrian  system — the  lowest  distinctly  fossiliferous 
formation  yet  discovered  in  the  crust  of  the  earth.  For  the 
most  part  highly  metamorphosed,  and  consisting  of  crystalline 
slates,  grits,  and  serpentines,  they  were,  along  with  Silurian, 
regarded  as  constituting  the  Transition  or  Greywack^  system 
of  the  earlier  geologists — the  former  term  being  a  German 
word  applied  to  certain  slaty  grits  of  a  grey  rusty  colour 
which  occur  in  the  series,  and  the  latter  having  reference 
to  their  fossiliferous  character,  and  denoting  (in  their  opinion) 
the  transition  of  the  world  from  an  uninhabited  to  a  habit- 
able condition.  The  term  Greywack^  is  now  seldom  em- 
ployed, or  employed  only  to  designate  a  hard,  grey,  gritty 
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rock  of  Cambrian  or  Silurian  age ;  and  the  higher  knowledge 
of  modern  science  has  all  but  exploded  the  idea  of  a  transition 

Eriod  in  the  history  of  our  planet.  Of  vast  antiquity,  and 
ving  undergone  great  changes  through  pressnre,  heat,  and 
chemical  agency,  they  are  generally  rich  in  metalliferous  veins, 
and  it  ia  from  rocks  of  this  age  that  a  large  proportion  of  the 
ores  of  iron,  copper,  tin,  silver,  and  other  valuable  metals  are 
obtained.  And  it  is  also  owing  to  this  antiquity,  to  their 
slaty  and  schistose  structure,  and  to  the  long  ages  during 
which  they  have  been  subjected  to  meteoric  and  aqueous 
waste,  that  Cambrian  rocks  confer  on  the  regions  in  which 
they  occur  their  wild  and  picturesque  scenery.  Their  typical 
fossils  embrace  fucoids,  foraminifers,  actinozoa,  annelida, 
Crustacea,  polyzoa,  brachiopods,  lamellibranchs,  pteropods,  and 
cephalopoda,  but  often  in  obscure  and  imperfect  preservation. 
183.  Further  and  detailed  information  respecting  this 
ancient  life-system  may  be  obtained  by  referring  to  the 
papers  of  Professor  Sedgwick  in  the  'Transactions  of  the 
Geological  Society ;'  to  the  '  Siluria '  of  Sir  Roderick  Murchi- 
aon;  to  the  'Maps  and  Beporta  (Wales)  of  the  Geological 
Siu-vey;'  and  to  the  'Journal  of  the  Geological  Society,'  In 
which  several  papers  occur  having  reference  more  particu- 
larly to  the  paleeontology  of  the  system. 
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XII. 


THE   SILURIAN  SYSTEM: 

EMBEACING   THE   LOWEE  AND   UPPER  SILUEIAN   GEOUPS — 
OE,    I,    THE   LLANDEILO  ;    2,    THE  WENLOCK  ; 
AND,    3,    THE  LUDLOW  SEEIES. 

184.  In  whatever  condition  tte  Metamorphic  rocks  were  at 
first  laid  down  in  the  seas  of  deposit,  we  have  seen  that  a  com- 
mon crystalline  aspect  now  pervades  the  whole  series,  and  that 
the  usual  alternations  of  sedimentary  matter  are  all  but  oblit- 
erated. We  cannot  say,  for  example,  which  stratum  was  origi- 
nally of  clay-silt,  which  of  sand,  or  which  of  gravel.  All  these 
distinctions  are  effaced,  and  we  cannot  arrive  at  any  satisfac- 
tory conclusion  as  to  the  waves  and  tides  and  currents  by 
which  they  were  aggregated,  or  the  nature  of  the  seas  in  which 
they  were  deposited.  Nor  is  this  metamorphism  and  its  ob- 
literating ejBFects  often  much  less  apparent  in  the  Cambrian 
system,  whose  strata  are  frequently  contorted  and  cleaved  in 
structure,  and  crumpled  and  crystalline  in  texture.  The  case, 
however,  is  usually  different  with  Silurian  strata.  In  many 
districts  every  alternation  is  distinct  and  evident:  beds  of 
slaty  sandstone  and  pebbly  conglomerate,  shaly  mudstone, 
clays,  and  limestones,  follow  one  another  in  frequent  succes- 
sion, and  present  so  slight  a  change  in  their  mineral  structure, 
that  we  can  readily  judge  of  the  conditions  under  which  they 
were  originally  deposited.     Some  of  the  sandstones  are  finely 
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laminated,  and  bear  evidence  of  tranquil  sediment ;  some  are 
ripple-marked,  and  testify  to  the  presence  of  tides  or  gentle 
currents ;  while  others  are  pebbly  conglomerates,  and  bespeak 
the  existence  of  waves  and  gravel-beaches,  such  as  we  witness 
at  the  present  day.  Of  the  shales  or  argillaceous  beds,  some 
have  evidently  been  thrown  down  in  deep  water  as  soft  black 
mud,  while  others  have  been  formed  in  shallower  bays,  and 
contain  a  certain  admixture  of  sand,  with  sea-shells,  such  as 
are  found  at  no  great  depth  from  the  shore.  Of  the  lime- 
stones or  calcareous  strata,  many  are  replete  with  the  remains 
of  corals  and  shells,  and  recall  the  existence  of  seas  in  which 
the  coral-polype  reared  its  reefs,  and  shell-fish  congregated  in 
beds  like  the  oyster  and  mussel  of  our  own  times.  Indeed, 
the  abundant  presence  of  fossil  zoophytes,  corals,  molluscs, 
and  cruBtacean^ells  of  varying  condiUs  ^f  wate^  and  sea^ 
bottom,  of  light  and  heat,  of  tribes  that  secreted  their  nutri- 
ment from  the  ocean,  or  preyed  on  each  other ;  and  generally 
of  a  state  of  things  different,  it  may  be,  but  still  analogous  to 
that  which  we  perceive  in  existing  nature. 


Lithological  Composition. 

1 85.  The  system  which  contains  evidence  of  these  varied  con- 
ditions, consists  essentially  of  argillaceous,  arenaceous,  and  cal- 
careous strata — ^the  argillaceous  indicative  of  the  deeper  waters, 
the  arenaceous  of  the  shallower  or  shore  waters,  and  the  cal- 
careous of  those  of  intermediate  depth.  Dark-coloured  lami- 
nated slaty  shales,  shales  with  concretions  of  limestone,  beds 
of  calcareous  flagstone,  thick-bedded  sandstones  and  pebbly 
conglomerate,  finely  -  laminated  micaceous  sandstones,  and 
shales  and  impure  clayey  limestones,  and  limestones  of  a  con- 
cretionary structure,  may  be  said  to  constitute  the  entire 
system.  This  description  refers,  of  course,  more  especially  to 
the  strata  as  developed  in  England ;  and  the  student  must  be 
prepared  to  meet  with  great  lithological  diversity  in  this  as  in 
every  other  system.  Littoral  deposits,  and  those  in  shallow 
seas,  will  differ  from  those  in  deep  and  still  waters  ;  while  the 
thick  muddy  silt  of  a  tidal  estuary  will  be  wholly  unlike  the 
calcareous  accumulations  of  a  coral-yielding  sea.  It  is  thus 
that  the  Silurians  of  England  are  more  shaly  and  calcareous 
than  those  of  the  south  of  Scotland,  and  that  the  thin  and  scanti- 
ly-developed beds  of  Scandinavia  can  scarcely  be  compared  with 
the  gigantic  and  highly-diversified  formation  of  North  Ar£\^\- 
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ica.  Taking  the  typical  district  of  Wales,  which  first  threw 
light  and  consistency  on  the  system,  we  find  the  strata  clearly 
divisible  into  two  great  groups — a  subdivision  that  holds  good 
in  almost  every  region  where  Silurian  rocks  have  been  dis- 
covered. These  "lower"  and  "upper"  groups  are  further 
subdivisible  into  three  well-defined  series,  as  represented  in  the 
following  synopsis : — 

Upper  Siluriak. 

{^Finely- laminated   reddish  and  greenish  Sandstones,  locally 
known  as  '*Tilestones.'*  (In  part,  base  of  Old  Red  Sandstone.) 
Micaceous  grey  sandstone  in  beds  of  varying  thickness. 
Argillaceous  limestone  (Aymestry  limestone). 
Shale  with  concretions  of  limestone  (Lower  Ludlow). 

iCk)ncretionary  limestone  (Wenlock  limestone). 
Argillaceous  shale  in  thick  beds  (Wenlock  shale). 
Shelly  limestone  and  sandstone  ( Woolhope  and  May  hill). 
Gritty  sandstones  and  shales  (Upper  Llandovery). 

Lower  Silurian. 

I  Grits  and  sandy  shales  (Lower  Llandovery). 
Thick-bedded  whitish  fireestone  (Caradoc  sandstone). 
Dark  calcareous  flags  and  slates  (Bala  beds). 
Slaty  flags  and  bands  of  limestone  (Llandeilo  flags). 

1 86.  The  preceding  synopsis  represents  a  thickness  of  about 
8000  feet,  and  contains,  of  course,  many  alternations  and  gra- 
dations from  freestone  to  sandy  flags,  from  flagstones  to  shales, 
and  from  shales  to  calcareous  flags  and  limestones  of  varying 
thickness  and  purity.  In  the  south  of  Scotland  the  strata  are 
more  gritty  and  arenaceous,  contain,  as  in  Ireland,  bands  of 
impure  anthracite  or  culm,  and  in  consequence  of  their  higher 
metamorphism,  are  not  so  clearly  separable  into  series;  in  the 
north  of  Europe  the  system  consists  of  calcareous  shales, 
limestones,  and  flaggy  mudstones,  and  is  altogether  scantily 
developed ;  in  Central  Europe  (Bohemia  and  Silesia)  the  suc- 
cession is  even  more  sharply  defined  than  in  Wales  ;  while  in 
North  America  a  complex  and  repeated  series  of  limestones, 
shales,  sandstones,  grits,  and  conglomerates  seem  to  constitute 
the  formation.  It  is  difficult — ^perhaps  impossible — to  co-ordi- 
nate exactly  the  strata  of  distant  regions  like  England,  Scan- 
dinavia, and  North  America;  still  such  co-ordinations  have 
been  attempted,  and  materially  assist  our  conceptions  of  the 
^■||M^^der  review.  Thus  arranged,  the  Silurians  and 
^^^^^Bta  of  Scandinavia,  which  are  only  about  1000  feet 
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in  thickness,  appear  to  find  their  equivalents  in  Britain  as 
follows : — 


Scandinavia, 
Calcareous  flagstones. 
Coralline  limestone  and  shale, 
Pentameral  limestone. 
Black  graptolite  schist, 
Orthoceratite  limestone, 
Alum  slates  with  olenus  and  agnostus. 


•     Britain. 
Ludlow  series. 
Wenlock  series. 
Llandovery  rocks. 
Moffat  beds. 
Llandeilo  series. 
Lingula  beds. 


According  to  Dr  Bigsby,  the  Silurians  of  New  York,  and  of 
North  America  generally,  may  be  arranged  into  the  following 
stages,  sections,  and  groups — all  less  or  more  characterised  by 
a  prevalence  of  the  generic  forms  which  occur  in  the  system 
as  developed  in  Britain  and  the  continent  of  Europe : — 


Stages.  Sections.  Groujp. 

(Upper  Pentamerus  Limestone, 
Delthyris — Shaly  Limestone, 
Lower  Pentamerus  Limestone, 
Waterlime  Rocks, 
Onondago  Salt  Rock, 
Coralline  Limestone,  Schoharie,  ) 
Niagara  Shale  and  Limestone,    ) 
(  Clinton  Rocks, 
MmDLE.  <  Medina  Sandstone, 

(  Oneida  Conglomerate, 
/Hudson  River  Rocks, 
I  Utica  Slate, 
I  Trenton  Limestone, 
Lower.   \  Bird's-eye  Limestone, 
Chazy  Limestone, 
Calciferous  Sandstone, 
\  Potsdam  Sandstone, 


Prevailing  Mineral. 


H.     Limestone. 


} 
} 
} 


G. 

F. 

E. 
D. 
C. 

B. 

A. 


Sandy  Shale. 
Limestone. 

Sandstone. 

Silicious  Conglomerate. 

Clay. 

Limestone. 

Sandstone. 


The  same  may  be  done  with  the  strata  of  other  districts ;  and 
until  the  student  attempts  to  co-ordinate  in  this  manner,  he 
can  have  no  proper  conception  of  the  place  lyhich  any  par- 
ticular set  of  strata  holds  in  the  system.  The  "  Potsdam 
sandstones/'  "  Trenton  limestones,"  "  Utica  slates,"  and 
"  Oneida  conglomerates "  of  our  American  brethren,  have  no 
significance  tQl  placed  in  juxtaposition  with  the  Lingula  flags 
and  Llandeilo  beds  of  our  own  Siluria.  Li  fact,  to  determine 
the  '*  equivalents  "  of  strata  in  different  and  distant  regions, 
and  to  place  them,  by  a  study  of  their  fossils,  on  the  same 
"  horizon "  in  point  of  time,  is  the  chief  aim  and  object  of 
historical  geology. 
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Distribution  and  Physical  Aspects. 

187.  Respecting  the  extent  of  country  occupied  by  Silurian 
strata,  we  have  as  yet  no  very  accurate  information.  As  before 
mentioned,  they  are  most  typically  displayed  in  the  district 
of  country  between  England  and  Wales ;  the  f onnation  also 
occurs  in  a  broad  band  forming  the  southern  uplands  of  Scot- 
land, and  stretching  from  sea  to  sea ;  and  the  lower  portions 
appear  also  in  Cumberland,  Westmoreland,  along  the  south- 
east coast  of  Ireland,  as  well  as  in  the  western  districts  of 
Ross  and  Sutherland,  in  the  Scottish  Highlands.  The  system 
is  found  in  Scandinavia,  in  Russia,  and  the  Ourals,  and  very 
characteristically  in  Silesia  and  Bohemia.  Silurian  strata 
have  also  been  investigated  in  the  south  of  France,  in  Spain, 
in  Asia  Minor,  in  the  Altai  and  Hinialayan  ranges,  in  China, 
in  North  and  South  Africa,  in  Australia,  in  North  and  South 
America,  and  also  in  the  capes  and  islands  of  the  polar  regions, 
and,  as  the  progress  of  research  advances,  will  no  doubt  be 
discovered  in  other  regions.  In  all  these  districts  the  system 
is  marked  by  the  same  peculiar  fossils ;  and  though  the  strata 
may  diflfer  very  greatly  in  a  mineralogical  point  of  view — 
shales,  for  example,  passing  from  soft  disintegrating  mudstones 
to  hard  fissile  slates,  sandstones  passing  from  laminated  sand- 
stones to  jaspery  conglomerates,  and  limestones  from  calcareous 
marls  to  concretionary  cornstones — still,  the  moment  a  geolo- 
gist detects  graptolites,  trilobites,  cystidese,  and  the  like,  he 
can  have  no  doubt  as  to  his  position  among  true  Silurian 
strata. 

188.  The  igneous  rocks  associated  with  the  system  are 
partly  embedded  or  contemporaneous,  and  partly  eruptive. 
The  embedded  traps  are  chiefly  felspathic  ash  and  tufa  of  a 
mixed  mineral  character,  and  have  evidently  been  laid  down 
in  these  primeval  seas,  sometimes  in  the  state  of  overspreading 
or  molten  lava,  and  sometimes  in  the  state  of  showers  of 
scoriae  and  ashes.  The  eruptive  rocks  are  principally  fels- 
pathic— felspathic  greenstones,  f elstone,  and  f elstone-porphyry. 
In  many  instances,  as  in  Wales  and  the  south  of  Scotland, 
they  have  rendered  the  strata  partially  metamorphic,  convert- 
ing shales  into  good  useful  roofing-slates,  sandstones  into 
quartzite,  and  clays  into  hard  jaspery  hornstones.  The  up- 
heavals and  contortions  resulting  from  their  eruptions  pro- 
duce, on  the  whole,  a  varied  and  picturesque  scenery,  less 
abrupt  and  bold  than  that  of  primitive  districts,  yet  more 
diversified  by  hill  and  dale,  by  ravine  and  river-glen,  than 
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that  of  later  or  secondary  periods.  Much  of  Eastern  Wales, 
the  Lake  District,  and  the  southern  uplands  of  Scotland  may 
be  taken  as  typical  of  Silurian  scenery.  "  In  Eussia,"  says 
Sir  Roderick  Murchison,  "  the  Silurian  rocks  form  either  wide 
level  plains  or  low  plateaux ;  whilst  in  other  countries,  where 
they  have  been  heaved  up  into  mountains,  they  have  a  rounded 
outline,  especially  where  they  consist  of  schists,  originally 
composed  of  mud,  the  fine  grains  of  which  have  given  rise  to 
equable  atmospheric  attrition.  When,  on  the  contrary,  the 
shale  and  schist  have  been  changed  into  hard  slates,  the  sand- 
stone into  quartzite,  or  the  earthy  limestone  into  crystalline 
marble,  and  particularly  if  the  beds  be  highly  inclined  and 
penetrated  by  igneous  rocks,  then  sharp  peaks  or  abrupt  cliffs 
and  gorges  are  dominant.  Thus  it  is  that  the  same  ancient 
strata  of  different  regions  put  on  so  many  different  external 
forms.  In  South  Britain  they  are,  necessarily,  most  varied  in 
districts  which,  like  those  of  North  Wales  and  Cumberland, 
have  had  their  outlines  diversified  by  the  intrusion  of  igneous 
rocks." 

Palaeontological  Characteristics. 

189.  The  fossils  of  the  Silurian  system  are  eminently  ma- 
rine, and  point  to  var3dng  conditions  of  littoral  and  deep-sea 
deposits.  They  consist  of  numerous  species  and  genera  of 
zoophytes,  echinoderms,  annelida,  Crustacea,  and  moUusca. 
Traces  of  fishes  have  been  found  only  on  the  uppermost  verge 
of  the  system  in  England,  or  in  beds,  which  by  some  are  re- 
garded as  the  proper  basis  of  the  old  red  sandstone ;  but  in 
Bussia,  certain  minute  organisms  occur  abundantly  in  the 
lower  strata,  and  are  regarded  by  Dr  Pander  as  the  teeth 
{conodorUSy  conical  teeth)  of  myxinoid  fishes — an  opinion, 
however,  which  is  controverted  by  other  palaeontologists, 
who  consider  them  more  likely  to  be  the  booklets  or  den- 
ticles of  naked  molluscs  or  of  annelids.  As  yet  we  have  very 
slender  indication  of  a  terrestrial  fauna,  and  the  accumulating 
evidence  of  recent  research  rather  tends  to  dispel  the  hope 
of  ever  finding  in  true  Silurian  strata  any  of  the  higher  man- 
ifestations of  vertebrate  existence.  Still,  we  must  not  be  too 
hasty  in  adopting  conclusions  of  this  kind,  for  it  is  not  to 
be  supposed  that  every  portion  of  the  system  has  been  fully 
investigated.  The  strata  as  yet  examined  may  have  been 
deposited  in  the  deeper  waters ;  and  not  till  those  deposited 
along  the  shores,  and  in  the  estuaries  of  the  rivers  which 
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carried  down  the  sand  and  mud  of  the  period,  have  been 
equally  well  explored,  can  we  pronounce  with  certainty  either 
as  to  the  kind  or  the  amount  of  fossil  remains.  As  it  is, 
numerous  genera  of  a  varied  and  prolific  sea-fauna  have  been 
detected,  and  these  are  invested  with  a  high  interest,  as  being 
amongst  the  earliest  evidences  of  life  as  yet  known  to  geolo- 
gists. And  here  let  the  student  impress  on  his  mind  the  fact 
that^  though  among  the  earliest  instances  of  vitality,  there  is 
in  their  structure  no  imperfection  or  trial-work.  The  cor^ 
of  the  Silurian  seas,  the  cmstacea  aud  shell-fish  of  this  prim- 
eval period,  though  less  specialised  in  organisation,  were  as 
perfectly  fitted  lot  the  functions  they  had  to  perform,  as  the 
corals  and  Crustacea  and  sheU-fish  that  now  tmvng  the  exist- 
ing waters.  With  regard  to  the  vegetation  of  the  period  we 
have  no  very  satisfactory  evidence.  Fuoi  or  sea-weeds  are 
not  unfrequent  in  some  localities  ;  fragmentary  stems,  appar- 
ently of  aquatic  plants,  are  also  by  no  means  rare ;  and  seed- 
spores  and  drift-twigs  of  plants  apparently  allied  to  the 
lycopodium  or  club-moss  have  been  detected  in  the  upper 
membera  of  the  system.     Still,  as  a  whole,  the  fossU  flora  of 


the  Sdunan  epoch  is  by  no  means  abundant  or  decisive, 
though  the  occasional  bands  of  anthracite  and  anthracitous 
shales  would  seem  to  iadicate  the  development  in  certain 
areas  of  a  true  terrestrial  vegetation. 

190.  Among  the  fossUs  specially  characteristic  of  the  period 
we  may  notice  the  following; — referring  for  fuller  descriptions 
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to  the  moaograplia  mentioned  in  the  Becapitolation  to  Pro- 
fessor Morris's  '  Catalogue  of  British  Fossils,'  as  well  as  to  the 
list  prepared  bj  Uesars  Morris  and  Salter  for  the  last  edition 
of  Murchison'B  'Siloria.'  The  Silnriaa  Floba,  as  already 
stated,  consists  chiefly  of  al^<e  or  marine  plants ;  and  these 
generally  in  such  an  obscure  condition  as  to  prevent  the 
botanist  from  determining  their  true  affinities.  They  are 
known  by  such  names  as  ehondritet,  from  a  supposed  affinity 
to  the  chowlrus  of  our  own  seas :  fuandeg,  from  their  resem- 
blance to  the  fvcut;  cnmana;  palceochorda ;  lycopodittt ; 
and  the  like — names  which  indicate  resemblances  rather  than 
affinities,  and  this,  in  the  present  state  of  our  knowledge,  is 
all  that  paUeoutology  can  supply. 

Of  the  FAUNi.  we  know  a  great  deal  more,  and  can  speak 
with  some  degree  of  certainly  as  to  the  conditions  under 
which  it  lived  and  flonrished.     One  of  the  most  common 


forms  is  the  graptolite  {grapTw,  I  write,  and  litkog,  a  stone), 
a  peculiar  family  of  zoophytes,  so  called  from  their  resemblance 
to  the  sea-pens  («erta^(i7-M  and  virgularia)  of  our  own  seas. 
These  zoophytes,  along  with  a  few  sponge-like  forms  {acan- 
thogpongia,  diona,  &c),  seem  to  have  thronged  the  muddy 
bottom  of  the  Silurian  waters,  are  highly  characteristic  of  the 
lower  portion  of  the  system,  and  are  known  by  such  names  as 
9Taptolithug,  rastrites  (rcuUr,  a  rake)  diplograpeua  or  double- 
graptolite,  <iidymograpmt,  or  twin-graptolite,  and  suchlike 
terms  as  beet  convey  an  idea  of  their  external  appearances. 
Among  the  corals  and  coralloid  remains  oS  the  ^Vvoi  "CftM^ 
ate  also  many  peculiar  genent,  remarkable  eVfcei  iox  'Cbsa 
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sponge -like  appearance  or  for  the  cup -like  shape  of  their 
structure.  From  the  form  or  arrangement  of  their*  pores, 
these  corals  are  known  by  such  names  as  cyathophylhcmy  or 
cup-coral;  arachnophyllum,  or  spider-like  coral;  adrcea,  or 
star-coral;  heliolites,  or  sun-coral;  favosites,  or  honeycomb 
coral ;  aulopora,  or  pipe-pore  coral ;  and  catenipora,  or  chain- 
pore  coral.  Indeed,  so  constant  are  the  characters  of  these 
early  and  lowly  organisms,  that  the  palaeontologist  has  as 
little  difficulty  in  distinguishing  a  Silurian  coral  from  an 
oolitic  one,  as  he  has  in  discriminating  between  the  mollusca 


1,  Cyathopbyllum  truncatam;  2,  Favosites  cristatus;  3,  Astrsea  Ootblandica;  4,  Heliolites 
tubulatus ;  5,  HalyBites  oatenularios  ;  6,  EchinosphsBrites  Balticua  ;  7.  Cyathocrinos 
(Taxocrinus)  tuberculatus, 

or  Crustacea  of  these  distant  epochs.  Of  the  echinoderms, 
several  well-marked  groups  are  found  in  Silurian  strata. 
The  most  abundant  are  the  JEncrinites,  or  lily-like  radiata 
(krinon,  a  lily),  whose  calcareous  skeletons  often  constitute 
the  main  mass  of  certain  limestones,  just  as  corals  now  con- 
stitute the  chief  mass  of  existing  coral-reefs.  Deferring  fur- 
ther notice  of  the  encrinite  till  we  come  to  the  carboniferous 
limestone,  during  the  deposition  of  which  the  family  seems  to 
have  attained  its  maximum  development,  we  may  simply  men- 
tion that  the  Silurian  genera  are  distinct  from  those  of  later 
formations,  and  are  known  by  such  names  as  the  cycUhacrimis, 
or  cup-encrinite ;  dctinocrintis,  or  prickly  encrinite;  glypio- 
crinus,  or  sculptured  encrinite,  and  similar  descriptive  terms. 
Several  star-fishes  allied  to  the  uraster  and  comatula  of  our 
own  seas  have  also  been  detected ;  and  these  are  known  as 
uraster,  protaster  (protos^  first — ^in  allusion  to  its  early  ap- 
pearance  in   geological  ioxmalioii^,  palcEoster  (^po^atos,  an- 
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cient),  tepidfuter  (lepi*,  a  scale),  palteocoma,  and  the  like. 
Among  the  echinodenns  certain  remarkable  bladder-ahaped 
forms  have  also  been  discovered ;  theae  are  termed  cystideoe 
{cygtas,  a  bladder),  and  seem  to  approach  the  sea-urchins 
in  structure.  As  an  encrinite,  with  ita  numerous  arms  and  . 
featheiy  fingers,  may  be  considered  a  star-fish  fixed  to  the 
bottom  by  a  jointed  and  fiexible  stalk,  so  may  a  cystidean, 


with  ita  spherical  body  composed  of  numerous  plates,  be  con- 
sidered a  sea-nrchin  attached  to  the  bottom  by  a  similar 
jointed  column.  Of  these  cystideans,  the  apioeystiUi  (pear- 
shaped),  cart/ocystita  (clove-shaped),  pninoci/stiteg,  kem.ico»- 
taites,  and  oilers,  so  named  from  their  forms,  are  the  most 
abundant  and  best  known.  Among  the  auuulose  or  worm- 
like  impressions  found  in  the  system,  there  is  considerable 
variety,  and  theae  have  been  generally  attributed  to  true  anne- 
lids. It  is  but  fair  to  state,  however,  that  many  of  the  mol- 
luaca  leave  very  peculiar  trails  or  tracks  on  the  soft  mud  over 
which  they  pass,  that  several  of  the  minute  crustaceans  make 
long  tortuous  burrows  in  the  sands,  and  that  not  a  few  of  the 
go-called  " serpulites,"  "nereitea,"  ifec,  may  be  nothing  more 
than  casts  or  impressions  of  these  primeval  burrows  and  foot- 
trails.  The  subject  is  one  still  in  great  obscurity,  though  at  pre- 
sent we  rank  provisionally  under  the  head  Annelida  such 
organisms  as  serpaliles  (ao  called  from  their  resemblance  to  the 
serpula  of  existiog  aeaa),  nereites,  tentaetditm,  comulitee,  crosso- 
podia,  and  the  like ;  as  well  as  the  tubular  casts  of  the  bur- 
rows or  bores  of  marine  annelids  like  the  lob-worm,  and  known 
as  arenicolUea,  foraliUs,  scolitea,  Ac, ;  together  with  minute 
but  well-defined  species  of  true  spirorbeg.  By  far  the  moat 
carious  and  abundant,  aa  well  as  most  characteristic,  of  Silu- 
rian fossils,  are  the  crustaceans,  termed  "  Trilobites,"  from 
the  tbree-lobed-like  figure  of  their  bodies.  N^^e  1[va?)e,  oy&e^ 
entomostracous  crustaceans,  aa  the  fejmejiocaris,  ceTati.ocaT\*, 
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euri^tems,  and  pterygotugj  but  by  far  the  moat  typical  devd- 
opment  of  the  order  lay  ia  the  tnlobitidie,  whose  genera  and 
species  of  different  form  and  ornamentation  seemed  Ut  have 
swarmed  in  the  Silurian  waters,  juat  as  shrimps  and  prawns 
and  crabs  swarm  in  the  seas  of  our  own  day.  Many  of  them 
are  extremely  minute,  and  in  all  likelihood  the  larral  forms  of 
so-called  genera ;  a  considerable  number  (well  known  to  col- 
lectors) attain  a  size  of  three  or  four  inches ;  and  it  is  raiely 
iudeed  that  fragments  are  found  indicating  a  length  beyond 
twelve  or  fifteen  inches.  The  most  familiar  forms  of  these 
trilobitea  are  the  asaphui,  ampyx,  ealymene,  homalonotuM, 
ogygia,  olenus,  and  trinudeas  ;  all  of  which  consist  of  a  ceph- 
alic shield  or  plate,  furnished  with  prominent,  many-faceted, 
sessile  (or  very  rarely  pedunculated)  eyes,  a  three-lobed  body 
in  segments  more  or  less  numerous,  and  a  caudal  plate  or  ap- 
pendage (pygidium)  variously  terminated  The  names  by  which 
they  are  known  refer  in  many  mstances  to  some  peculiarity  of 
form,  as  tnnuclem,  in  others,  as  amph-us  (obscnre),  calymem 
(concealed),  &ii ,  they  refer  to  the  obscnnty  which  long  rested, 
and  still  in  some  measure  rests,  on  the  real  nature  of  thes« 


extinct  creatures.  First  figured  as  an  insect  under  the  titls 
of  £7Uomoliihus  paradoxm,  it  was  long  before  the  affinities 
of  the  trilobite  were  deteninnei  ■,  oni  Bv«a  -^ati,  with  all  that 
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modem  research  has  done,  mucli  of  its  true  character,  as  well 
as  that  of  all  the  fossil  cnistaceaL,  remains  to  be  interpreted  and 
detemmied-  Higher  than  the  trilobite,  there  have  been  re- 
cently' discovered  in  the  upper  Silurians  of  Lanarkshire  and 
Herefordshire  several  new  genera  and  species  of  crustaceans 
which  take  rank  under  the  fossil  family  Eurypteridm  (euros, 
breadth,  luiipteron,  wing  or  fin,  in  allusion  to  their  broaij  oar- 
like  swimming  limbs).  The  most  abundant  of  these  Eurt/pter- 
Ues  belong  to  the  genera  citrypUrut,  pterygotas,  and  Slivumia, 
the  individuals  and  species  of  which  seem  to  have  been  ex- 
tremely numerous,  rivalliBg  even  the  trilobite  in  the  manner  in 
which  they  appear  to  have  thronged  the  muddy  shallows  of  cer- 
tun  areas  of  the  upper  Silurian  sea-shure.  The  distinguishing 
characteristics  of  the  Eurypteridte  (several  of  which  were  first 
figured  in  this  Text-Book)  are,  their  long  lobster-like  forms, 
which  consist  (in  the  dorsal  aspect)  of  an  oblong-oval  cara- 
pace, with  marginal  or  subcentrat  compound  eyes ;  eleven 
abdominal  or  thoracico-abdominal  segments,  free  and  devoid 
of  appendages ;  and  a  telson  or  tail-plate  more  or  less  elonga- 
ted, and  usually  pointed.  The  carapace  (in  the  oral  or  ven- 
tral aspect)  b  furnished  with  five  pairs  of  five-jointed  mem- 


— the  three  or  four  first  variously  formed  in  the  dif- 
ferent genera  (some  furnished  with  spiriea,  otVeta  -wfti.  -ij\fe- 
henaile  jaacen),  and  tie  posterior  formiTig  ttife  >iTo^  »sS.Tft.- 


310  SILURIAN  SY3TEU. 

ming-feet  which  give  name  to  the  family.  The  oral  apparatus 
consists,  as  in  the  king-crab,  of  the  serrated  basil  joints  of  the 
limbs,  and  is  protected  by  a  broad  heart-shaped  metastome  or 
mouthpiece.  In  all  the  genera  the  exterior  crust  ia  ornament- 
ed with  a  peculiar  scale-like  sculpture,  which  becomes  bolder 
and  stronger  on  the  free  or  exposed  margins. — {For  further 
illustration,  see  par.  203,  Old  Red  Sandstone.)  Among  the 
moUusca  found  in  Silurian  strata,  there  are  the  representatives 
of  many  existing  orders — bivalves,  allied  to  the  cockle  and 
pecten,  others  to  the  mussel ;  whorled  univalves  like  the  peri- 
winkle ;  spirals  like  the  pelican's-foot  and  tower-shell ;  cham- 
bered shells,  coiled  up,  like  the  pearly  nautilus ;  and  others, 
massive  and  straight,  to  which  we  have  no  existing  analogues. 
In  other  words,  and  speaking  technicaily,  we  have  numerous 
species  of  the  compound  bryozoa,  of  the  brachiopods,  lamelli- 


branchs,  gasteropods,  pteropods,  and  cephalopods.  Among 
the  most  characteristic  of  the  bryozoa  we  may  mention  <M- 
hamia,  fenettella,  relepora,  and  excharina,  all  readily  distin- 
guished by  their  compound  net-like  arrangement;  of  the  brachio- 
pods, perhaps  linffula,  orikii,  spirifera,  atrypa,  rhyncondla,  and 
pmlamerv^  are  the  best  known ;  of  the  lamellibranchs,  avieala, 


INDUSTRIAL  PRODUCTS.  211 

irioceramus,  poddonomya,  area,  nucula,  and  modiola;  of  the 
gasteropods,  euomphalus,  Murchisoiiia,  trochus,  pleurotomaria, 
and  Maclurea  ;  and  of  the  cephalopods,  litmtes,  orthoceras,  and 
phragmoceroB.  As  already  stated,  remains  oi  fishes  (finnapines 
of  onchus,  and  fragments  of  pteraspis  and  cephalaspis)  are 
found  in  the  uppermost  beds  of  the  system  (the  Tilestone  or 
Passage  Beds),  but  these  have  been  regarded  by  Sir  Eoderick 
Murchison  as  marking  the  dawn  of  the  Devonian  rather  than 
the  close  of  the  Silurian  era — "  a  long  early  period  in  which 
no  vertebrated  animals  had  been  called  into  existence."  This 
opinion  must  be  received,  however,  as  indicating  the  paucity 
of  such  remains  rather  than  their  total  absence  ;  and  for  the 
final  grouping  of  the  "  Tilestone  "  beds  either  as  Silurian  or 
Devonian,  we  must  wait  more  extended  research  and  the  pro- 
gress of  discovery.  As  far  as  fossil  evidence  goes,  in  the 
meantime,  they  appear  to  be  the  legitimate  base  of  the  Devo- 
nian or  Old  Red  Sandstone  of  Scotland;  and,  entertaining 
this  opinion,  we  reserve  description  of  their  ^Ae*  and  peculiar 
crustaceans  till  we  come  to  treat  of  that  system.  We  are  no 
believers  in  artificial  "  systems  "  or  sharply-defined  "  forma- 
tions," nor  would  we  encourage  the  idea  that  the  creation  of 
vertebrate  existence  in  some  of  its  forms  was  not  coeval  with 
that  of  the  lowest  invertebrata.  On  the  contrary,  all  analogy 
favours  the  supposition  that  the  great  types  of  life — radiate, 
molluscan,  articulate,  and  vertebrate — appeared  simultaneously 
and  independently  on  our  globe ;  and  that  it  is  to  the  minor 
modifications  of  the  type,  and  not  to  the  type  itself,  we  are  to 
look  for  that  gradation  and  progress  which  mark  the  succes- 
sive geological  epochs.  The  exposition  of  a  science,  however, 
requires  various  provisional  aids  and  expedients ;  and  merely 
as  such  and  nothing  more  do  we  again  warn  the  student  to 
receive  all  the  existing  "  systems  "  and  "  groups  "  and  "  series  " 
of  the  working  geologist. 


Industrial  Products. 

191.  In  an  industrial  point  of  view,  the  rocks  of  the  Sil- 
urian system  are  of  no  great  importance.  Roofing-slate  of 
various  quality  is  obtained  from  the  series,  but  of  inferior 
value  to  that  of  the  Metamorphic  and  Cambrian ;  flagstones 
are  quarried  in  some  districts,  though  inferior  to  those  of  the 
Old  Red  Sandstone ;  freestone  for  building  purposes  is  also  a 
local  product ;  and  limestone  for  mortar  and  manure  is  quar- 
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ried  aud  burnt  in  most  Silurian  countries.  The  veins  that 
traverse  the  system  are  in  general  metalliferous,  and  from 
these,  ores  of  mercury,  copper,  lead,  silver,  and  gold  are  ex- 
tracted. Indeed,  according  to  Sir  Roderick  Murchison,  "  the 
most  usual  original  position  of  gold  is  in  quartzose  veinstones 
that  traverse  altered  palaeozoic  slates,  frequently  near  their 
junction  with  eruptive  rocks.  Sometimes,  however,  it  is  also 
shown  to  be  diffused  through  the  body  of  such  rocks,  whether 
of  igneous  or  of  aqueous  origin.  The  stratified  rocks  of  the 
highest  antiquity,  such  as  the  oldest  gneiss  or  quartz  rocks, 
have  very  seldom  borne  gold ;  but  the  sedimentary  accumula- 
tions which  followed,  or  the  Silurian,  Devonian,  and  Carbon- 
iferous (particularly  the  first  of  these  three),  have  been  the 
deposits  which,  in  the  tracts  where  they  have  undergone  a 
metamorphosis  or  change  of  structure  by  the  influence  of 
igneous  agency  or  other  causes,  have  been  the  chief  sources 
whence  gold  has  been  derived."  This  generalisation  must  be 
received,  however,  with  some  degree  of  caution,  until  we  are 
enabled  to  define  more  clearly  the  limits  of  the  vast  forma- 
tions— the  so-called  laurentians  and  Cambrians,  the  clay  slates 
and  chlorite  slates — that  lie  between  the  fossiliferous  Silurians 
and  the  undoubted  crystalline  metamorphic  strata. 


NOTE,    RECAPITULATOKY   AND   EXPLANATORY. 

192.  In  the  preceding  chapter  we  have  presented  an  out- 
line of  some  of  the  oldest  fossiliferous  strata  as  yet  known  to 
geologists.  Originally  designated  the  Greywackh  or  Transition 
formation,  and  but  imperfectly  defined  and  little  understood, 
these  strata  have  undergone  during  the  last  thirty  years  a 
most  minute  and  careful  survey,  as  regards  both  liieir  palae- 
ontology and  their  order  of  superposition.  They  are  largely 
developed  in  various  countries,  both  in  the  Old  and  in  the 
New  World,  and  typically  so  in  the  district  between  England 
and  Wales  anciently  inhabited  by  the  Silures;  hence  the 
designation  "Silurian  System"  by  Sir  R.  Murchison,  their 
first  and  most  ardent  investigator.  The  system,  though  con- 
sisting, in  the  main,  of  alternations  of  flagstones  and  sand- 
stones, of  argillaceous  and  calcareous  shales,  of  clayey  lime- 
stones and  limestones  of  a  concretionary  structure,  has  been 
divided  into  lower  and  upper  groups,  and  these  groups  again, 

in  the  tjrpicsd  district,  into  the  Lla'rideilo^'WeTftXoclt^^jCLd.  Ludlow 

'^'^riea. 
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1 93.  Silurian  strata  seem  to  be  extensively  developed  in  most 
conntries  of  the  world,  and,  had  the  limits  of  an  elementary 
treatise  permitted,  some  important  co-ordinations  of  the  system, 
as  exhibited  in  England,  in  Scotland,  in  Bohemia,  Scandi- 
navia^ and  North  America,  might  have  been  attempted.  As 
it  is,  it  may  be  enough  for  the  student  to  remember  that  the 
"  Llandeilo,"  "  Wenlock,"  and  "  Ludlow  "  series  mark  the 
ascending  order  in  England ;  that  the  "  Primordial,"  "  Transi- 
tion," and  "  Upper  "  zones  indicate  the  same,  or  nearly  so,  in 
Bohemia ;  and  that  in  North  America,  the  "  Champlain," 
"  Ontario,"  and  "  Helderberg  "  divisions  point  to  a  similar,  if 
not  to  a  corresponding,  ascent.  Wherever  the  co-ordination 
has  been  made,  and  "giving  full  weight "  (we  quote  Professor 
Phillips)  "to  mineral  as  well  as  to  organic  associations,  the 
reader  cannot  fail  to  be  struck  with  the  essential  accordance 
between  them  all.  We  have  always  two  great  zones,  which 
may  be  thus  defined  : — 

Upper  Zone. — Contains  limestones,  and  very  numerous  fonns  of  inverte- 
brate marine  life — trilobites,  orthocerata,  phragmocerata,  crinoidea, 
cystidea,  zoantharia,  &c. — Divisible  into  two  parts  ;  this  is  the  ori- 
ginal Silurian  system  of  Murchison. 

The  two  paris  connected  by  a  transition  band  (Llandovery  rocks). 

Lower  Zone,  without  limestones,  contains  few  forms  of  life,  especially 
lingulse,  paradoxides,  conocephalas,  of  species  perhaps  entirely,  and 
of  genera  mostly  distinct  from  those  of  the  upper  zone.  This  zone 
divisible  into  two  parts ;  the  upper  having  in  certain  portions  a  poor 
fauna,  the  lower  not  yet  found  to  yield  any  forms  of  animal  life.  The 
upper  part  is  the  *  primordial  zone  *  of  M.  Barrande  ;  the  lower  part 
is  the  '  bottom  zone '  of  the  British  Government  Survey.  Together 
they  constitute  what  was  fm^rrierly  understood  or  supposed  to  be  the 
subject  of  Sedgwick's  special  inquiry  in  Wales,  and  called  the  Gam- 
brian  system." 

194.  In  the  upper  portion  of  the  system  algae  and  lycopods 
have  been  detected,  and  throughout  the  several  series  we  have 
abundant  traces  of  invertebrate  life  in  numerous  species  of 
zoophytes,  echinoderms,   annelida,   Crustacea,  and   mollusca, 
figured  and  described — the  higher  crustacean  forms  belonging 
to  the  fossil  family  Eurypteridjs.     Remains  of  fishes  have 
also  been  found  in  the  uppermost  beds,  but  these  are  regarded 
as  marking  the  dawn  of  the  Old  Red  Sandstone  epoch,  rather 
than  as  belonging  to  the  close  of  the  Silurian.     Adhering  to 
this  view  as  a  mere  provisional  line  of  distinction,  'w^  Q>\>»\axsL 
a  well-marked  palaeontological  basis  for  t\ie  OV^^^^^^'cAr 
stone,  and  can  view  the  graptolites  ;  the  iavoa\\.^a  ^^^  V^^ 
JJtesj  the  aetiniocrinites,  the  marsupites,  avid  c^aXX^^^^  \  '^^ 
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lingulse,  terebratulae,  and  orthidse ;  the  lituites  and  orthocer- 
atites  j  the  serpulites  and  tentaculites ;  the  asaphus,  calymene, 
trinucleus,  and  other  trilobites, — as  thie  peculiar  and  distinc- 
tive fauna  of  the  Silurian  era.  These  creatures  are  all  of  true 
marine  habitat,  and,  coupling  this  with  the  facts  of  ripple- 
mark,  and  with  frequent  alternations  of  shales,  which  were 
originally  sea-silt ;  of  sandstones,  which  point  to  sandy  shores ; 
of  conglomerates,  which  speak  of  gravel  beeches ;  and  of  lime- 
stones, that  tell  of  shell-beds  and  coral-reefs, — we  are  carried 
back  through  the  lapse  of  ages  to  a  series  of  seas  and  bays 
and  estuaries,  in  which  the  operations  of  life  and  development 
went  forward,  deepening  and  spreading  and  multiplying,  even 
as  they  do  now. 

[Up  to  the  present  time  the  Flora  and  Fauna  of  the  Silurian  epoch  em- 
brace illustrations  of  AlgsB  and  Lycopodiacese,  in  the  vegetable  world  ;  and 
in  the  animal  world,  of  Amorphozoa,  Hydrozoa,  Actinozoa,  Echinodermata, 
Crustacea,  Annelida,  Polyzoa,  Brachiopoda,  Conch  ifera,  Gasteropoda, 
^eteropoda,  Pteropoda,  Cephalopoda,  and  Pisces,  if  we  regard  the  Tile- 
stones  as  the  capping  of  the  system.] 

195.  To  the  student  who  feels  desirous  of  entering  more 
fully  into  the  consideration  of  this  interesting  system — and 
for  all  that  has  been  done,  there  is  not  a  wider  or  more  attrac- 
tive field  for  his  research — we  would  recommend  perusal  of 
the  following  papers  and  monographs :  The  original  *  Silurian 
System '  of  Sir  Roderick  Murchison ;  *  Siluria '  (fourth  edition), 
by  the  same  author ;  the  *  Syst^me  Silurien  de  Boh^me '  of  M. 
Barrande ;  *  Memoirs  of  the  Geological  Survey  of  Great 
Britain,'  vols.  i.  and  iii.j  Murchison' s  'Eussia  in  Europe;' 
Mr  James  Hall's  reports  in  the  *  Geological  Survey  of  New 
York ; '  Dr  Bigsby  *  On  the  Palaeozoic  Rocks  and  Fossils  of 
the  State  of  New  York,'  as  given  in  the  14th  volume  of  the 
'Quarterly  Journal  of  the  Geological  Society;'  and  more 
recently  to  an  instructive  Survey  of  the  Scottii^  Silurians,  by 
Mr  Lapworth,  in  the  Brit.  Assoc.  Reports  for  187 1.  To  those 
more  especially  wishing  to  become  familiar  with  the  aspect  of 
Silurian  fossils,  the  plates  in  the  works  of  Murchison,  Bar- 
rande, Hall,  Bailly  ('Illustrated  Catalogue'),  and  in  the 
Decades  of  the  Geological  Survey,  will  readily  convey  the 
desired  information.  The  typical  species  (or  those  in  the 
meantime  erected  into  separate  species)  have  also  been  ar- 
ranged with  more  than  usual  care  in  the  cases  of  the  Jermyn 
Street  Museum,  London,  and  may  be  studied  en  suite  as 
mapped  on  the  Geolo^cal  Sxuvey  oi  l&xi^laud. 
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XIII. 
THE  OLD  RED  SANDSTONE  AND  DEVONIAN. 

EMBRACING — I,    THE  LOWER;   2,    THE   MIDDLE;  AND,    3,    THE 
UPPER  GROUPS   OP   BRITISH   GEOLOGISTS. 

196.  Taking  the  Coal-Measures  as  a  sort  of  middle  forma- 
tion, there  is  generally  found  in  the  British  Islands  one  set  of 
reddish  sandstones  lying  beneath,  and  another  set  lying  imme- 
diately above  them.  By  the  earlier  geologists  the  lower  set 
was  designated  the  Old  Red  Sandstone,  and  the  upper  the 
^ew  Bed  Sandstone ;  and  though  the  progress  of  the  science 
has  rendered  it  necessary  to  impose  certain  limitations  on 
these  terms,  they  are  still  sufficiently  distinctive  and  easily 
remembered.  The  Old  Red  Sandstone  may  therefore  be  held 
as  embracing  the  whole  series  of  strata  which  lies  between  the 
Silurian  system  on  the  one  hand,  and  the  Carboniferous  system 
on  the  other.  Certain  portions  of  the  system  are  peculiarly 
developed  in  Devonshire,  and  contain  a  copious  and  various 
fossil  fauna ;  hence  the  introduction  by  Murchison  and  Sedg- 
wick of  the  term  Devonian — a  term  now  generally  employed  as 
synonymous  with  the  earlier  and  more  descriptive  one  of  the 
"  Old  Red  Sandstone."  In  the  present  chapter  we  shall  use  the 
term  "  Devonian  "  as  applying  more  particularly  to  the  strata 
as  developed  in  Devonshire,  and  the  term  "  Old  Red  Sand- 
stone "  as  more  especially  applicable  to  those  of  Scotland  and 
Hereford — believing,  as  we  do,  that  the  Caithness  and  Forfar- 
shire beds  are  not  paralleled  by  the  shales  and  IimasUi\i«a»  <ii 
Devon,  and  that  it  requires  both  developmeiil^  \.o  OiOV^sJC^NiJ^^ 
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the  ^^  system  ^^  as  at  present  understood  by  European  and 
American  geologists.  The  "  Old  Red  "  proper  consists  mainly 
of  sandstones,  flagstones,  and  conglomerates;  the  "Devonian," 
of  limestones  and  shales :  the  latter  yields  corals  and  shell-fish 
in  abundance ;  the  former,  Crustacea  and  fishes,  but  not  a  single 
coral  or  shell-fish :  the  one  is  eminently  a  marine  formation ; 
the  other,  so  far  as  the  evidence  goes,  may  be  strictly  fresh- 
water or  lacustrine.  In  the  area  of  Great  Britain,  indeed, 
there  are  several  breaks  between  the  various  members  of  the 
system,  which  renders  it  somewhat  difficult  to  co-relate  and 
compare ;  but  in  the  wider  and  unbroken  areas  of  Kussia  and 
North  America,  the  whole  merge  into  one  homogeneous  Life- 
system,  and  to  this — the  whole  range  between  Siluria  and  the 
Carboniferous  rocks — the  terms  Old  Red  Sandstone  or  De- 
vonian are  now  indiscriminately  (but  not  very  correctly) 
applied  by  the  majority  of  English  geologists. 


Lithological  Composition. 

197.  The  "  Old  Red  Sandstone,"  as  the  name  sufficiently 
indicates,  consists  of  a  succession  of  sandstones,  conglomerates, 
and  -flagstones,  alternating  with  subordinate  layers  of  sandy 
shale  and  beds  of  concretionary  limestones.  The  sandstones 
pass  in  fineness  from  close-grained  fissile  flags  to  thick  beds 
of  coarse  conglomerate,  and  the  shales  from  sandy  laminated 
clay  to  soft  flaky  sandstone.  The  whole  system  is  less  or 
more  coloured  by  the  peroxide  of  iron — the  shades  varying 
from  a  dull  rusty  grey  to  a  bright  red,  and  from  red  to  a 
fawn  or  cream-coloured  yellow.  Many  of  the  shales  arc 
curiously  mottled — green,  purple,  and  yellow — and  present 
an  aspect  which,  once  seen  in  the  field,  is  not  soon  forgotten. 
On  the  whole,  shades  of  red  may  be  said  to  pervade  the 
system,  unless  in  some  of  the  lower  slaty  bands,  which  pre- 
sent a  dark  and  semi-bituminous  aspect.  The  slaty  bands  of 
sandstone  are  locally  known  as  flagstones  and  tilestones ;  the 
conglomerates,  which  are  merely  solidified  gravel  and  shingle, 
are  fancifully  termed  puddingstones  —  the  pebbles  being 
mingled  through  the  mass  like  the  fruit  in  a  plum-pudding ; 
and  many  of  the  limestones,  from  their  silicious  or  concre- 
tionary texture,  are  known  by  the  name  of  cornstones.  The 
shales  are  occasionally  soft  and  friable,  and  in  this  state  are 
bjr  some  termed  marls;  but  as  they  contain  no  lime,  the 
name  is  by  no  means  appropxiate.    T\ife  ^^Ti^-^o.^iiMMDL"  i^roper, 
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on  the  other  hand,  exhibits  in  its  middle  and  upper  portions 
an  abundant  development  of  fossiliferous  limestones  and  cal- 
careous shales,  of  slaty  shales  or  dark  bituminous-looking 
schists.  Indeed,  north  of  the  Bristol  Channel,  the  fossilifer- 
ous limestones,  schists,  and  grits  of  Devonshire  are  altogether 
wanting ;  and  we  are  thus  warranted  in  regarding  the  red 
conglomerates,  marls,  and  comstones  of  Hereford  and  Mon- 
mouth, the  red  sandstones  and  conglomerates  of  Cimiberland, 
the  pebbly  grits  of  Berwickshire,  the  yellow  sandstones  of 
Fife,  the  red  sandstones  and  grey  flags  of  Forfar,  the  bouldery 
conglomerates  that  flank  the  Grampians,  and  the  dark  bitum- 
inous flags  of  Caithness,  as  portions  of  a  formation  somewhat 
older  than  the  fossiliferous  limestones  and  slaty  shales  of 
Devon,  of  Belgium,  and  central  Europe,  which  seem  to  gradu- 
ate into,  and  are  in  part  inseparable  from,  the  lower  carbon- 
iferous strata.  It  is  true  that  in  Eussia,  and  to  some  extent 
in  North  America,  there  appears  to  be  an  intimate  interfusion 
of  these  two  great  divisions ;  hence  the  reason  for  regarding 
them,  in  the  meantime,  as  one  and  the  same  system,  and  the 
terms  "Old  Red  Sandstone"  and  "Devonian"  as  all  but 
synonymous. 

198.  Proceeding  downwards  from  the  lowest  beds  of  the  Car- 
boniferous system,  which  are  generally  well  defined  by  their 
abundant  remains  of  calami tes,  stigmaria,  sigillaria,  sphenop- 
teris,  and  other  coal  plants,  the  following  may  be  taken  as  the 
order  of  the  "  Old  Red  "  in  the  northern  part  of  the  British 
Islands : — 

/  Yellow  and  Whitish  Sandstones,  generally  fine-grained,  but  in- 
I  eluding  detached  pebbles,  and  alternating  with  layers  of  mottled 
I  shale.  (Dura  Den,  Fifeshire,  and  Bishop  Mill,  Elgin.)  Character- 
J  ised  by  cUmiidaTU  remains  of  holoptychitcs,  glyptolepis,  phanero- 
I.  \  pleuron,  pterickthysy  and  other  Jishes  ;  but  by  few  plants. 

Coarse  Pebbly  Grits,  alternating  with  fine-grained  whitish  and 
chocolate-coloured  sandstones.     Remains  of  holoptychiv,s  and  pter- 
ichthySf  numerous  fucoids,  and  occasional  land  plants,  as  Palceop- 
^  teris  Hibemicus,    (Dunse  and  Denholm  Hill.) 

Red  Sandstones,  generally  in  thick  beds  of  a  dull  brick-red,  en- 
closing detached  pebbles  of  quartz  and  other  rocks.     Conglomerate 
beds,  apparently  of  littoral  origin,  layers  of  greenish,  purple,  and 
i  mottled  shales,  and  beds  of  concretionary  limestone  or  comstone. 
^^'  ^  This  is  the  typical  "  Old  Red "  of  Hereford,  Cumberland,  Fife, 
Perth,  and  Forfar.     Organic  remains  rather  rare^  and  not  -oery  di*- 
tinet,  Holoptychius  nobilisaimua  being  perhaps  t^  too^X.  Or»x«.q.- 
I  teristic 
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I  Dark  Grey  Micaceous  Flagstones,  with  occasionally  flaggy  schists 
of  a  dark  bituminous  aspect,  pebbly  conglomerates,  and  marly 
sandstones,  with  intercalated  shales  embedding  semi-calcareous 
nodules  (Caithness,  Banff,  and  Moray).  CharcLcterised  by  abundant 
fish- remains f  as  coccosteus,  pterichthys,  a^terolepis^  osteolepis,  dip- 
terns,  diplopterus,  d;c.;  and  by  frequent  but  indistinct  impressions 
of  aquatic  plants. 

I  Grey  Pebbly  Conglomerate — a  vast  thickness  of  consolidated 
water-worn  blocks  and  pebbles,  with  occasional  interlaminations 
of  fissile  grey  sandstone — stretches  more  or  less  persistently  from 
Stonehaven  on  the  east  to  Bute  on  the  west,  and  developed  also  in 
Caithness  and  other  localities.     No  fossils. 

Grey  Rusty-coloured  Sandstones,  with  enclosed  pebbles  and  beds 
of  conglomerate,  subordinate  to  a  vast  thickness  of  fine-grained  grey 

j  fissile  flagstones  and  tilestones  (Forfarshire,  Perthshire,  &c. )    Char- 

^  ^  acterised  by  fish-remainSy  as  cephalaspis^  diplacan.thitSf  climatiusy 

acantlwdeSf  ichthyodorulites^  <Ssc.;  by  pterygottis,  eurypte'i'us,  stylon- 

uru8,and  other  Crustacea;  and  by  impressions  of  undetermined  aquatic 

and  land  plants. 

Great  Trappean  Conglomerate — a  peculiar  aggregation  of  rounded 
pebbles  and  boulders  (chiefly  porphyries)  cemented  by  trap -ash,  and 
rarely  interlaminated  by  grits  or  bands  of  sandstone.     Flanks  the 

\  southern  Grampians  from  sea  to  sea. 

The  preceding  synopsis  represents  the  usual  order  of  the  sys- 
tem as  it  occurs  more  particularly  in  Scotland,  though  few 
districts  present  an  entire  suite  from  the  lowest  to  the  highest 
strata.  According  to  Phillips,  the  older  red  series  of  Wales 
and  the  course  of  the  Wye  and  Severn  may  be  thus  expressed 
in  general  terms  : — 

Upper  Group. — Conglomerates  and  sandstones  of  red,  purple,  and  green 
hue  ;  the  pebbles,  scattered  in  layers  through  masses  of  considerable 
thickness,  are  mostly  of  quartz,  such  as  occurs  abundantly  in  veins  in 
the  mica-schists  and  gneissose  rocks.  The  magnitude  of  the  pebbles 
varies  from  an  inch  or  two  across  to  small  white  grains.  Holoptychim 
nobilissimus  occurs  in  this  series. 

Mn)DLE  Group. — Flagstone  Series,  in  great  thickness,  with  partings  of 
red  shale,  and  some  irregular  calcareous  comstones.  In  the  countr}' 
about  Milford  Haven  this  series  is  usually  traversed  by  nearly  vertical 
slaty  cleavage.     Cephalaspis  is  met  with  in  this  series. 

Lower  Group. — Marl  Series,  mostly  red,  with  pale  and  greenish  bands, 
and  irregular  comstone  layers.  White,  dark  grey,  and  yellowish  sand- 
stones appear  in  the  lower  part  of  the  series,  especially  round  the  May- 
hill  district.  (There  is  no  coarse  conglomerate  in  this  part  of  the  series 
comparable  with  that  of  the  Cumbrian  and  Grampian  chains.) 

Sueh  is  ProfeaaoT  Phillip's  grouping  of  the  "  Older  Ked  "  of 
England  ;  the  following  is  Sit  E.odeiicV^\«OD[^a»\i«»  <!»-Qrdina- 
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tion  of  the  true  Devonian  with  the  Rhenish  and  Belgian  types 
of  the  formation  : — 

Upper  Devonian. — A  series  of  schists  characterised  verj'  extensively  by 
the  presence  of  a  bivalvular  crustacean  (cypridina),  and  when  lime- 
stones interlaminate  the  schist,  by  goniatites  and  clymenia.  It  pre- 
vails in  Nassau,  in  Saxony,  and  Thuringia  ;  and  may  be  paralleled  by 
the  Clymenian  limestones  of  Petherwin  and  the  upper  beds  of  North 
Devon.  [This  series  we  are  inclined  to  regard  as  the  base  of  the  Carboni- 
ferous, and  not  Devonian.] 

Eifel  Limestone. — The  great  central  calcareous  mass  equivalent  to  that 
of  Pljrmouth,  and  probably  to  that  of  Ilfracombe,  full  of  corals,  crin- 
oidea,  brachiopoda,  gasteropoda,  cephalopoda,  and  trilobites,  and 
some  of  the  old  red  fishes.  Stringocephalus  Bwrtini  belongs  to  this 
rock. 

Middle  Devonian. — Schists  with  sandstones,  and  some  impure  lime- 
stones.    Calceola  sandalina  belongs  to  this  group. 

Lower  Devonian. — Sandstones  with  slaty  schists  and  some  impure  lime- 
stone. This  contains  large  spiriferae,  some  species  of  phacops  (trilo- 
bites), and  the  curious  Pleurodictyuvi  problematicum. 

According  to  Dr  Bigsby,  the  following  arrangement  exhibits, 
in  brief,  the  Devonian  system  of  North  America,  and  more 
especially  as  developed  in  the  State  of  New  York  : — 


Stages. 


Sections. 


Middle. 


Upper.      Old  Red  Sandstone. 
/  Chemung  Rocks. 
I  Portage  Sandstone. 
'  Genesee  Slate. 

Tully  Limestone. 

Hamilton  Rocks. 

Marcellus  Shales. 

(Comiferous  Limestone. 
Onondago  Limestone. 
Schoharie  Grit. 
Caudi-galli  Grit. 
Oriskany  limestone. 


1 


Groups.  Prevailing  Mineral. 

V.     Conglomerate  and  Limestone. 
\  IV.     Argillaceous  Sandstone. 

III.     Clay  and  Sandstone. 

I   II.     Limestone. 
>    I.     Sandstone. 


On  the  whole,  and  without  attempting  minute  co-ordinations 
for  which  we  have  not  yet  sufficient  data,  the  system,  as  de- 
veloped in  Scotland,  in  Wales,  Devonshire,  Belgium,  Russia, 
and  North  America,  is  sufficiently  distinctive.  Commencing 
with  the  flagstones  or  tilestones  containing  onchtLs,  cephodaspis.^ 
and  pterygotus — passing  up  through  those  imbed^m^  cocco%- 
teu9^  osteolepis,  and  dipterus — ^and  closing  witii  t\ioa^  (Sv^Ta^cXK^- 
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ised  by  ptericJuhys^  holoptychiuSy  and  other  allied  genera, — 
the  ^^ ceplialaspiany^  ^^ dipteran^^  and  ^^ holoptychian^^  zones 
are  always  sufficiently  obvious  in  order  of  time ;  and  serve,  in 
Britain  at  least,  as  good  finger-posts  to  guide  the  field  geologist 
in  his  investigation  of  the  Old  Red  Sandstone. 


Geographical  Distribution  and  Physical  Aspects. 

199.  The  geographical  distribution  of  the  Old  Red  Sandstone 
is  very  extensive,  and  there  are  few  regions  in  which  one  or 
other  of  its  groups  is  not  clearly  developed.     In  the  eastern 
counties  of  Scotland,  all  the  groups  of  the  system  are  well  ex- 
posed ;  the  lower  and  middle  portions  occur  largely  in  South 
Wales  and  Devon,  in  the  south  of  Ireland,  in  Belgium,  and  in 
Germany ;  the  middle  portions  occupy  extensive  areas  in  Russia 
and  the  flats  of  Central  Europe,  in  Siberia  and  Tartary,  on  to 
the  flanks  of  the  Himalaya  Mountains  ;  and  different  members 
of  the  system  are  found  in  Central  and  Southern  Africa,  in  the 
United  States  and  Canada,  and  the  Brazils.     Wherever  the 
system  occurs,  the  Devonian  strata  give  ample  evidence  of 
oceanic  conditions — of  deep  and  tranquil  seas  in  which  were 
deposited  the  frequent  alternations  of  the  flagstones  and  lime- 
stones ;  while  the  Old  Red  areas  proper  bear  testimony  to  the 
existence  of  sandy  shores,  where  the  thick  beds  of  sandstones 
were  collected  and  arranged  ;  and  of  gravel-beaches,  which 
were  cemented  and  solidified  into  conglomerates  and  pudding- 
stones.    Touching  these  conglomerates,  it  is  but  right  to  infonn 
the  student,  that  while  most  of  them  seem  to  be  of  littoral 
origin,  others  are  so  peculiar  in  their  composition — some  of 
the  fragments  being  blocks  and  boulders  rather  than  pebbles— 
and  so  irregularly  arranged  in  the  mass  of  finer  sediment,  that 
their  formation  can  scarcely  be  accounted  for  by  the  ordinary 
operations  of  the  sea-shore.     The  agency  of  ice,  to  transport 
and  accumulate,  has  accordingly  been  suggested ;  and  on  the 
whole,  without  calling  in  the  presence  of  some  such  power  it 
seems  impossible  to  account  for  the  heterogeneous  aggregation 
of  masses  like  the  so-called  "  great  conglomerate  "  of  Scotland. 
Not  only  are  some  of  the  blocks  beyond  the  ordinary  transport 
of  liquid  water,  but  some  of  them  are  so  sharp  in  their  angles 
that  the  attrition  of  a  single  tide  would  have  rounded  them  off; 
while  many  of  them,  again,  are  smoothed  and  striated  like  the 
boulders  of  the  glacial  drift.     This,  taken  in.  conjunction  with 
the  paucity  of  vegetation,  stiongVy  coTto\>cyE^\.^  \3aa  \v:^i^thesiB 
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of  an  ice-period  at  least  during  the  deposition  of  a  portion  of 
the  Old  Red  Sandstone  proper.  During  the  great  progres- 
sional  cycles  of  nature,  a  glacial  climate  over  certain  areas  now 
occupied  by  the  Old  Red  is  quite  as  comprehensible  as  one 
during  the  formation  of  the  English  "  Permian  breccias " 
(which  see),  or  during  the  accumulation  of  the  "  Boulder- 
drift,"  which  immediately  preceded  the  existing  conditions  of 
the  northern  hemisphere.  Again,  the  frequent  ripple-marks  on 
the  Old  Red  Sandstone  speak  of  receding  tides  and  currents ; 
the  indentations  left  by  rain-drops  tell  of  heavy  showers  ;  and 
the  abundance  of  zoophytes,  shell-fish,  and  Crustacea  testifies 
to  the  exuberance  of  marine  life,  in  certain  areas  like  that  of 
Devonshire.  And  if  we  turn  to  the  vegetable  remains,  we 
find  in  them,  scanty  as  they  may  appear,  sufficient  evidence  of 
marsh,  and  plain,  and  hill-side,  of  sun  and  rains  to  nourish, 
and  rivers  to  transport. 

200.  The  igneous  rocks  more  intimately  associated  with  the 
system  are  greenstone,  clinkstone,  felstone,  felstone  porphyry, 
amygdaloid,  and  other  varieties  of  felspathic  trap.  Unless  in 
the  lower  group,  these  traps  are  rarely  interstratified  with  the 
sandstones,  and  in  this  respect  present  a  striking  difference 
from  the  tufas  and  ashes  which  often  alternate  with  the  strata 
of  the  Silurian  and  lower  Carboniferous  systems.  They  occur 
chiefly  as  upheaving  and  disrupting  masses,  and  are  them- 
selves frequently  cut  through  by  later  dykes  of  basalt  and 
greenstone — ^thus  seemingly  indicating  a  cessation  of  volcanic 
action  during  the  main  deposition  of  the  Old  Red  Sandstone, 
but  a  period  of  great  activity  and  disturbance  both  at  its  com- 
mencement and  at  its  close.  Granitic  outbursts  are  rare  in 
connection  with  the  Old  Red ;  and  it  may  be  received  as  a 
great  fact  that  the  period  of  the  granite  had  in  a  great  mea- 
sure given  way  to  that  of  the  trap,  with  its  more  multifarious 
compounds. 

201.  The  physical  features  of  Old  Red  Sandstone  districts  in 
Great  Britain  are  generally  highly  diversified  and  irregular — 
the  hills  being  less  bold  and  precipitous  than  those  of  primi- 
tive districts,  and  more  lofty  and  irregular  than  those  of  the 
later  secondaries.  Where  the  strata  are  unbroken  by  trap 
eruptions  the  scenery  is  rather  flat  and  tame ;  but  the  soil  is 
light  and  fertile,  being  based  on  sand,  gravel,  and  friable 
days,  the  ancient  debris  of  the  formation.  On  the  other  hand, 
the  hills  of  Old  Red  districts  present  great  diversity  of  Ec«v\r 
ery ; — here  rising  in  rounded  heights,  there  siiikmg^  \tv  ^-a.^^  \«v- 
dvi&iions;  now  swelUng  in  sunny  slopes,  and  anon  xe^Anxi^  va. 
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winding  glens  or  rounded  valley-basins  of  great  beauty  and 
fertility.  This  divetaity  arises  leaa  from  volcanic  disturbance 
than  from  the  unequal  wearing  of  the  sandstones  and  conglo- 
merates— the  latter  standing  up  in  bold  relief,  while  the  former 
are  frequently  eroded  into  winding  ravines  and  valleys.  The 
Ochils  and  Sidlaws  in  Scotland,  with  their  intervening  valleys, 
and  the  hills  of  Hereford,  Brecknock,  and  Monmouth  in  Eng- 
land, belong  exclusively  to  this  formation,  and  may  be  taken 
as  the  type  of  its  physical  features.  The  south-westem  dis- 
trict of  DeTon,  from  Torquay  to  Plymouth,  with  its  intersect- 
ing rivers  the  Dart  and  Plym,  may  be  taken  as  the  type  of 
true  Devonian  scenery. 


Palieontological  Characteristics. 

202.  The  organic  remains  of  the  system,  though  often  not 
well  preserved,  in  consequence  of  the  arenaceous  nature  of  the 
rocks,  are  nevertheless  of  high  and  increasing  interest ;  inas- 
much as  they  furnish  abundant  evidence  of  terrestrial  vegeta- 
tion, of  new  and  higher  forms  of  articulate  life,  and  of  verte- 
brate existence  as  manifested  in  the  numerous  and  curious 
fishes  of  the  period.     As  a  whole,  the  system,  in  the  area  of 


Europe  at  least,  is  by  uo  means  fertile  in  Plant  remains ;  and 
even  of  such  as  do  occur,  Ite  botamat^isia  ■^(A.^wati  unable  to 
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render  any  satisfactory  interpretation.  Among  the  tiieatones 
and  flagstones  {Forfar  and  Caithness),  as  well  as  among  the 
upper  sandstones  of  the  system  (Roxburgh),  we  have  impres- 
sions of  /mci  or  aea-weeds  [clumdritM,  zoeterites,  Ac.),  of  marsh- 
plants,  apparently  allied  to  the  equisetum,  bulrush,  and  sedge 
(yiin«fe«),  and  of  land  plants  akin  to  the  tree-fem  (j}al<Eopteng), 


the  caldmUf.a,  and  lepidodendron  of  the  Coal-measures.  Year 
after  year  these  "  lepidodendroid  "  stems  are  becoming  better 
known,  but  so  obscure  are  tbeir  external  sculpturings  as  nell 
as  internal  structure,  that  all  we  can  do  in  the  meantime  is 
inerely  to  indicate  their  affinity.  On  tbe  whole,  the  Old  Red 
flora  of  Europe  occurs  in  a  fragmentary  and  carbonised  state, 
as  if  the  plants  had  been  drifted  from  a  distance  to  the  areas 
of  deposit,  and  have  as  yet  received  but  scanty  attention  from 
the  fossil  botanist.  Among  the  flaggy  shales  of  the  Caithness 
beds  there  occur  dark  bituminous  bands,  which  have  been 
assigned  by  some  to  a  vegetable,  and  by  others  to  an  animal, 
origin  ;  but  the  prevailing  opinion  now  seems  to  be  that  the 
bituminous  matter  is  the  result  of  animal  decay — of  the  vast 
shoals  of  flshes  which  were  entombed  in  that  muddy  deposit. 
In  some  more  favoured  localities,  however,  like  Point  Oasp^, 
in  Canada,  thin  seams  of  bitimiinous  coal  mtfitVa.tta.'QaS«i  ■wSflu 
plant-yielding  shales  and  sandstones  have  been  4iBUSVBieft>\s^ 
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Principal  Dawson,  thua  giving  new  proof  that,  like  other  geolo- 
gical periods,  the  Old  Bed  had  its  areas  of  fertility  and  areas 
of  dwarfish  sterility — regions  where  climatic  influences  were 
mild  and  genial,  and  others  where  they  were  rigoroua  and  de- 
structive of  vegetation.  Year  after  year  is  adding  to  our 
knowledge  of  this  Canadian  flora,  and  already  numerous  genera 
have  been  named — all  bearing  more  or  less  a  resemhlaiice  to 
the  Ijcopods,  calamites,  Bigillariae,  and  fems  of  the  Carboni- 
ferous system,  though  specifically  distinct,  and  indicative  of  a 
drier  and  higher  habitat.  Still,  as  a  general  truth,  oxa  know- 
ledge of  the  Old  Bed  Sandstone  flora  (at  least  in  the  are*  of 
Britain),  is  limited  and  imperfect,  and,  with  the  exceptitHi  of 
the  large  laminarian-\ik.e  plants  of  Orkney,  the  ekotuMki, 
losteritee,  aethiophyllum,  and  other  fucoids  at  the  flagstones 
and  upper  sandstones ;  the  beautiful  Adiantites  {Palasopterit) 
Sibeniicvs,  and  one  or  two  calamitoid  and  lepidodendroid 
plants  of  the  middle  and  upper  groups,  the  vegetation  of  the 
period  may  be  said  to  be  unknown  to  geology. 

203.  The  Fauna  of  the  system,  on  the  other  hand,  ia  mnch 
more  abundant  and  better  known,  though  it  still  requires  much 
more  minute  elaboration  than  it  has  yet  retBived,      Amongthe 


zoophytes  we  have  (in  the  Devonian)  various  species  of  arfujtuo- 
phyllum,  eyatkophyllum,  eyaiphyllum,  favositM,  kdiolita,  and 
other  corals  differing  little  from  those  of  Siluria;  and  among 
the  echinoderms  a  few  crinoid  and  cystoid  forms,  as  oefinocmtd, 
cyaikocrinua,  cupreseocrin.u»,  and  eckinospkceriteg.  We  have  »lw 
a  number  of  annelid  tracks  and  burrows — the  former  winding 
in  great  profusion  over  the  surfaces  of  many  of  the  lower  flag- 
stones, and  the  latter  piercing  the  same  strata  often  to  the 
depth  of  twelve  or  eighteen  inches,  and  not  unfrequently  one 
or  two  incbea  in  diametei,  ttraa  Bhomn^  'iift  gg^ntic  laze  ol 
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theae  unknown  bnrrowera.  Among  the  Crustacea  we  have  stiU 
a  few  Silurian  forms — the  calymene,  homaloTiotiis,  and  cheir- 
VTos  ;  but  the  meridian  of  trilobite  life  is  evidently  passed,  and 
we  have  now  the  eypridina,  the  bronteut,  and  the  ceratioearit 
{in  the  Devonian);  and  in  the  Old  Red,  kampeearU,  euryp- 


tenia,  pterj/gotus,  ttylonurm,  and  other  forma  peculiar  to  that 
period.  These  crustaceans,  and  their  comparatively  recent 
discoveiy,  form  altogether  an  interesting  chapter  in  paheon- 
tology.     The  mandibular  or  jaw-feet  of  pterygotus,  known  for 


the  last  fifty  years  to  the  quarrymen  of  Forfar  by  the  title  of 
"  seraphim  "  (from  a  fanciful  resemblance  to  the  wings  of  tlie 
scnlptured  seraphim),  were  first  mistaken  by  Agasaiz  for  the 
remains  of  fishes  ;  hence  the  name  pterygotus  (Or.  pterijx^  s. 
wing  and  out,  oto»,  an  ear),  in  allusion  to  the  pec\i^T  wytA.^- 
ration  of  Hieae  jaw-feet.     On  iospection  oi  ttie  wi'i.wftiv.'cnv  <A 
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the  late  Mr  Webster  of  Balruddery,  near  Dundee  (now 
unluckily  dispersed),  ii.  Agaasiz  at  once  discovered  the 
crnstacean  aiSnities  of  these  remains,  and  termed  the  creature 


tuatl  or  Dnl  lUpAA,  abDviaA  lb 


to  which  they  belonged  PalcEocardnin  aialus — &  far  more 
appropriate  name,  but  one  scarcely,  if  at  all,  known  to 
British  palieontologiata.  When  examined  by  Agaasiz  in  1844 
the  data  were  too  imperfect  for  an  attempted  restoration; 
bat  now,  what  with  new  facts  and  the  discovery  of  allied 
genera,  we  are  enabled  to  restore  in  outline  the  great  Pter^ 
gotu»  of  Forfarshire  (for  there  are  several  species),  with  some- 
thing like  certainty,  and  to  arrive  at  the  conclusion  that  many 
of  the  larger  specimens  attained  a  length  of  four,  five,  and 
six  feet,  with  a  corresponding  increase  in  their  other  dimen- 
sions. Since  the  dispersion  of  Mr  Webster's  coUectJoa  other 
crustacean  forms  have  been  discovered  by  the  author  of  tlm 
treatise,  in  the  Forfarshire  flagstones  ;  by  Mr  Slimon,  in  the 
mudstones  of  upper  Lanarkshire,  which  may  be  regarded  as 
the  capping  of  the  Upper  Silurian  ;  by  Mr  Banks,  in  the  King- 
ton tileetones  of  Hereford  ;  and  more  recently  by  Mr  Powris 
of  Eeswallie,  in  the  grey  tilestones  near  Forfar.  These  crus- 
taceans are  so  peculiar — exhibiting  a  sort  of  compound  strue- 
ture  partJjphyllopod,  partly  pcecilipod,  partly  macrurus,  and 
partly  xiphosaraa — that  in  an  elemenla.T^-wQT'klt'Hovildbeont 
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of  place  to  allude  to  them,  further  tlian  merely  to  remark,  aa  the 
author  did  at  the  British  Association  in  1855,  that  they  seem  to 
indicate  a  great  zone  of  crustacean  life  un  the  lowest  verge  of 
the  Old  Ked  Sandstone  period.  Whether  this  zone  shall  be  ulti- 
mately tanked  as  Lower  Devonian,  as  Upper  Silurian,  or  as  the 
"  passage  beds  "  between  the  two  systems,  must  altogether  de- 
pend on  fossil  evidence ;  and  in  the  meantime  we  are  not  in  a  po- 
sition to  do  more  than  merely  announce  the  fact  that,  some- 
where about  this  stage  in  the  ascending  scale  of  time,  we  have 
a  strange  and  varied  development  of  crustacean  life  hitherto 
unknown  to  Palaeontology.  The  epoch  of  the  Trilobite  ia  on 
the  wane,  and  higher  and  more  complex  forms  betoken  the 
dawn  of  another  paUeozoic  period,  the  biological  peculiarities 


of  which  Geology  has  yet  to  interpret.  (See  Recapitulation.) 
Another  curious  feature  in  connection  with  these  Crustacea,  and 
occurring  in  the  same  beds,  is  an  immense  number  of  dark- 
coloured  patches  of  spawn-like  organisms,  which  are  now  pretty 
generally  regarded  as  the  egg-packets  of  eurypterus  and  ptery- 
gotus.  These  organisms  are  known  as  Parka  deeipiens  (Flem- 
ing), from  Parkhill,  in  Fife,  where  they  were  first  discovered, 
and  from  their  doubtful  vegetable  or  animal  origin.  Com- 
pressed and  flattened,  the  ova  appear  less  or  more  in  concen- 
tric arrangement,  and  every  appearance  favours  the  idea  of  their 
crustacean  origin,  unless,  perhaps,  their  great  abundance,  which 
has  suggested  to  some  the  possibility  of  their  being  the  berries 
or  carpels  of  some  unknown  plant  The  egg-packet  theory  is 
now  the  most  prevalent ;  and,  admitting  its  truth,  the  wide- 
spread abundance  of  these  remains  increases  beyond  expres- 
sion our  notions  of  the  exuberance  of  crustacean  life  withiii 
certain  areas  of  the  Old  Bed  Sandstone.  The  I  nsecta,  though 
unknown  in  European  areas,  are  represented  by  several  forma 
{Nearoplera,  &c.)  in  the  Canadian,  thus  harmoinKing,  >(ri'Oa.  "CBa 
greater  abundance  of  terrestrial  flora  that  pte^ailfti  \a  Msi^^*^ 
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region.  Of  the  MolluBca  we  have  (in  the  Devonian  proper) 
several  compound  forms  (polyzoa),  as  fenetUUa  and  retepora ; 
of  braohiopods,  atrypa,  aUceola,  ortku,  gpirifera,  terebraivia, 
and  ttringocephalv* ;  of  lamellibranch  bivalves,  avicula,  eor- 
hula,  megalodoTi,  modiola,  and  anodon  ;  of  gasteropoda,  euom- 
phaliu,  Murchitmia,  and  pleurotomaria ;  and  of  chambered 


cephalopods,  clyrnenia,  goniatitei,  and  orthoceras  are  the  most 
characteristic.  The  Fishes  of  the  Old  Red— for  they  sre 
scarcely,  if  at  all,  known  in  the  Devonian — are  also  peculiar, 
inasmuch  as  many  of  them  are  covered  with  bony  plates,  or 
with  hard  enamelled  scales ;  are  frequently  furmwed  with 
fin-spines,  or  external  defences;  and  are  many  of  them  of 
forma  widely  different  from  the  fishes  of  existing  seas.  In 
many  cases  we  have  only  a  scale  or  fragment  of  bone  (an  wA- 
ikyolite)  to  guide  us  in  our  determinations  ;  and  in  others  de- 
tached fin-spines,  known  to  the  paleontologist  as  *c&<^3/o(£>m- 
litet  (Or.  ickthys,  a  fish ;  dora,  a  spear ;  and  lithos,  a  stone). 
Of  the  more  characteristic  fishes  of  the  period,  we  may  notice 
the  cephalaspU,  or  buckler-head  {kephal^,  the  heSd,  and  aapit,  a 
buckler),  so  named  from  the  shield-like  shape  of  its  head  ;  the 
cotxcgfeits,  or  beny-hone  {kokkos,  a  berry,  and  otteon,  a  bona), 
BO  called  front  the  berry-like  t\iheTtie&  ^\a(i\  &tad  its  bony 
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plates;   tte  pteriehtht/»,  or  wing-fisli  (pteron,   a  yivag,  and 
iehihys,  a  &m),  whidk  receives  its  name  from  the  pecnlinr 


CeFbilupli  LtsIU.— (From 


wing-lite  appendages  attached  to  its  body ,  the  hdoptyehiut, 
or  ^-wrinkle  (holos,  entire,  and  ptycki,  a  wrinkle),  so  termed 


from  the  wrinkled  Burface  of  its  large  enamelled  scales ; 
(uteroUpit,  or  star-scale  {asteron,  a  star,  and  lepit,  a  scale) ;  ost 


lepis,  or  bonfr«cale  {otUon,  a  bone) ;  dipterua,  or  douhV  tti  •, 
diplacanihue,  or  donble-spise ;  gltfptolaemMi,  tst  Kc;^\>'«n^'- 
^Siaoa,t ;  p^anercgdettron,  or  apparent-rib,  and.  Bo  IcbSb, — ^^.'A 
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them  receiving  their  names  from  aome  marked  and  peculiar  ex- 
ternal feature,    Theaa  fishes  seem  to  have  thronged  the  waters  of 


the  period,  and  their  remains  are  often  found  in  masses,  as  if 
they  had  been  snddenly  entombed  in  living  shoals  by  the  aedi- 


aiypUlierDiu  KAnnvlrdt,  mtond  ouUlDfl.    A.  9omla  of  do, 

meut  which  now  contains  them.  Occaaionally  only  detached 
scales  are  found,  as  if  these  had  been  drifted  about  on  the  shores 
of  deposit ;  and  at  other  times  a  spice  is  all  that  bears  evidence  of 
their  eiiatence.  To  these  spinea  the  palteontologiat,  in  the  mean- 
time, asaiena  distinct  gsTieric  names,  though  it  may  hereafter  turn 
out  that  the  spines  of  the  different  £na  on  the  same  fish  may  have 
been  differently  armed  and  ornamented,  and  also  of  different 
shapes — the  dorsals  differing  from  the  sub-dorsals,  and  these 
again  from  the  pectorals.  Of  course,  in  this,  as  in  other  instan- 
ces, there  is  much  that  is  merely  provisional,  and  awaits  the 
corroboration  or  correction  of  future  discovery;  and  knowing  so^ 
we  feel  it  our  duty  here  to  teU.  th»  stvident  plainly  and  with- 
out reserre,  tliatiiob'tntlistaiidan£f&*ilbB&\kBaNiR«a'«Ti.Vteaaod 
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said  about  the  fisbes  of  the  Old  Red  Sandstone,  the;  are 
still  veiy  imperfectly  known.     Though  attempting  an  outline 


reatoratioD  of  the  cephalaspis,  we  yet  know  nothing  of  its 
mouth  or  dentition ;  we  have  still  less  knowledge  of  the  coc- 


jracLlla.  — (FQzfaithln,) 


costeus ;  while  the  osteology  and  presumable  functions  of  the 
ptericbthys  is  a  problem  yet  to  be  solved  by  the  palieontologist. 
Of  the  existence  of  Reptilbs  during  the  Old  Red  Sandstone 
period,  we  have  as  yet  no  unquestioned  evidence.  It  is  true 
that  footprints,  scutes,  and  bones  occur  in  the  sandstones  of 
Lossiemouth,  in  Elginshire,  which  wera  ioiTOeT\3  it^gwieA. 
as  Vpper  Devonian ;  but  now,  partly  on  liflwAo^caX  «&&  ■^■jSfj 
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on  palseontological  grounds,  this  opinion  has  been  controverted 
by  some  of  our  most  competent  authorities,  and  these  sand- 
stones and  their  fossils  (telerpeton,  staganolepisy  hyperadapt- 
don,  <kc.)  have,  in  accordance^with  this  view,  been  removed  to 
the  Triassic  era. 


Industrial  Products. 

204.  Economically,  the  principal  products  of  the  Old  Hed 
Sandstone  proper,  are  sandstones  and  flagstones ;  and  of  the 
Devonian,  limestones  and  marbles.  From  the  fissile  or  lamin- 
ated beds  are  obtained  such  flagstones  as  those  of  Forfar  and 
Caithness,  so  extensively  used  in  paving  and  shelving;  and 
from  the  same  group  are  raised  those  "grey  slates"  or  tile- 
stones,  at  one  time  so  generally,  and  still  to  some  extent,  em- 
ployed in  roofing.  Building-stone  is  also  obtained  from  the 
thick-bedded  sandstones ;  but  in  general  the  freestones  of  the 
system,  whether  red,  grey,  or  yellow,  are  not  in  great  esteem, 
either  for  their  beauty  or  durability.  Still,  when  carefully 
selected  and  laid  in  their  natural  bedding,  many  of  them  are 
in  fair  repute,  their  decided  tints  contrasting  well  with  the 
whiter  sandstones  of  the  Carboniferous  system.  Limestone 
for  building  and  agriculture  is  obtained  from  the  comstones ; 
and  besides  these  uses,  some  of  the  Devonshire  limestones,  as 
those  near  Torquay,  furnish  not  only  durable  building-stones, 
but  frequently  not  indifferent  marbles.  The  f elstones,  porphy- 
ries, and  greenstones  are  exceedingly  durable,  but  are  seldom 
used  in  building,  owing  to  the  difficulty  of  dressing  them  into 
form.  They  inake  first-rate  road  materials,  however,  and  for 
this  purpose  are  largely  employed  in  the  districts  where  they 
occur.  To  the  traps  of  the  Old  Ked  the  lapidary  is  chiefly 
indebted  for  most  of  the  agates,  jaspers,  camelians,  and  chalce- 
donies known  as  "  Scotch  pebbles  " — these  gems  being  usually 
found  in  rough-looking  nodules  among  the  debris  of  the  disin- 
tegrated rgcks,  or  extracted  from  the  soft  exposed  amygdaloids, 
as  along  the  Usan  shore  near  Montrose.  The  most  important 
brine-springs  in  the  United  States  and  British  North  America 
are  situated  on  the  Devonian  formation — and  from  those  of 
Onondaga  alone,  in  1859,  within  a  fraction  of  7,000,000 
bushels  of  salt  were  prepared,  partly  by  boiling  and  partly  by 
solar  evaporation.  Veins  of  heavy  spar  (sulphate  of  baryta) 
traverse  the  system  in  some  loealities^  and  these,  when  suffi- 
cienUy  pure,  are  mined  f ot  economic.^  ^xss^Q^Ra. 
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NOTE,   EECAPITULATOKY  AND  EXPLANATORY. 

205.  The  system  which  we  have  now  reviewed  under  the 
term  of  the  Old  Red  Sandstone  or  Devonian,  is  one  of  the 
most  remarkable  and  clearly  defined  in  the  crust  of  the  globe. 
Characterised  on  its  lower  margin  by  strata  containing  tibe  re- 
mains of  fishes,  and  which  form  a  line  of  separation,  as  it  were, 
between  it  and  the  imderlying  Silurian,  and  defined,  on  its 
upper  margin,  by  the  rarity  of  that  vegetation  which  enters  so 
profusely  into  the  composition  of  the  Carboniferous  rocks,  there 
can,  in  general,  be  no  difficulty  in  determining  the  limits  of 
the  Old  Red  formation.  On  the  whole,  its  composition  is 
manifestly  arenaceous,  the  great  bulk  of  the  system  being 
made  up  of  sandstones  and  conglomerates,  with  subordinate 
strata  of  shales  and  concretionary  limestones.  Though  jdeld- 
ing  nimierous  plant-impressions  and  remains  of  zoophytes,  mol- 
lusca,  and  peculiar  crustaceans,  its  most  marked  and  character- 
istic fossils  are  fishes^  often  of  peculiar  forms,  and  covered 
with  hard  enamelled  scales,  or  encased  in  bony  plates,  and  not 
unfrequently  armed  with  sharp  defensive  fin-spines.  The  ig- 
neous rocks  connected  with  the  system  are  greenstones,  clink- 
stones, felstones,  felstone-porphyries,  and  other  varieties  of 
felspathic  traps.  These  traps  are  rarely  interstratified  with  the 
sandstones,  and  generally  appear  as  disrupting  and  upheaving 
masses,  either  about  the  commencement  or  at  the  close  of  the 
period  when  those  hills  and  ranges  were  formed  which  confer 
on  Old  Red  districts  their  peculiarly  imdulating  and  diversi- 
fied scenery.  Looking  at  the  whole  system,  both  in  point  of 
time  and  composition,  we  are  prominently  reminded  of  marine 
conditions, — of  sea-shores  whose  sands  formed  sandstones,  and 
of  beaches  whose  gravel  was  consolidated  into  conglomerates 
and  pudding-stone — of  receding  tides  that  produced  ripple- 
marks,  and  of  showers  that  left  their  impressions  on  the  half- 
dried  silt  of  muddy  estuaries.  The  reddish  colour  which  per- 
vades the  strata  of  the  Old  Red  proper  shows  that  the  waters 
of  deposit  must  have  been  largely  impregnated  with  iron,  and 
this  impregnation  may  have  been  inimical  to  the  growth  of 'the 
corals  and  shell-fish  which  thronged  the  seas  of  Devonia.  The 
seas  of  the  one  area  may  have  been  in  a  normal  condition  for 
the  support  of  the  invertebrata,  while  the  seas  of  the  other 
may  have  been  large  inland  areas  highly  charged  mtk  \Xva 
peroxide  of  iron,  and  abounding  in  red  se^mentB,  desX.T>3LcM\?T^, 
as  all  such  sediments  are,  to  exuberance  of  bottoixi-Me,%xi^l^^ 
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permitting  the  existence  of  fishes  in  their  higher  waters ;  or 
the  salinity  of  the  Devonian  sea  may  have  been  normal  and 
permitted  the  growth  of  corals  and  shell-fish,  while  those  of 
the  Old  Red  may  have  been  brackish  or  even  fresh-water  areas. 
To  some  such  conditions  must  we  ascribe  the  vast  difference 
that  exists  between  the  two  formations,  as  developed  in  the 
British  Islands,  both  in  their  rocks  and  fossils  ;  and  to  some 
similar  conditions  may  we  appeal  for  the  sudden  entombment 
of  whole  shoals  of  fishes  in  such  limited  areas  as  Famell  in 
Forfarshire,  where  they  occur  literally  in  hundreds — ^Dura  Den 
in  Fife,  where  they  are  huddled  together  and  over  one  another 
in  a  single  bed  in  thousands — and  Langlee  in  Roxburghshire, 
where  tibe  remains  of  pterichthys  actually  form  a  brecciated 
layer  several  inches  in  thickness ! 

[Touching  the  Flora  and  Fauna  of  the  system,  it  may  be  remarked  that 
those  of  the  Old  Red  Sandstone  proper,  and  those  of  Devonia,  are  widely 
diflferent  in  the  area  of  Britain.  The  Old  Red  Sandstone  embeds  obscure 
plant-remains,  apparently  of  aquatic  origin,  and  nimierous  fishes  and  Crus- 
tacea, but  hitherto  not  a  trace  of  shell,  coral,  or  unquestionably  marine 
organism  has  been  detected ;  so  that,  as  far  as  fossil  evidence  goes,  the  Old 
Red  of  Hereford  and  Scotland  may  be  of  fresh- water  origin.  On  the  other 
hand,  while  plant-life  is  almost  wanting  in  Devonian  strata,  they  abound  in 
corals,  echinoderms,  trilobites,  and  mollusca  of  undoubtedly  marine  habitat 
— thus  proving  their  deposition  in  oceanic  areas.  Epitomising  the  charac- 
teristic fossils  of  both  formations,  we  have  in  the  Old  Red  proper : — 

1.  Flora  :—Algce — Chondrites,  Zosterites,  and  other  Fucoids ;   Filicoids 

— Palaeopteris,  Psaronius ;  Incertce  56^65— mmierous  fragments  of  stems 
resembling  club-mosses,  reeds,  rushes,  and  coniferous  stems  ;  psilophy- 
ton  of  Canada,  &c. 

2.  Fauna  : — Crustacea — ^Kampecaris ;  Eurypterus,  Pterygotus,  Stylonums, 

Parka  or  spawn-packets  ;  MoUusca — ^Anodonta ;  Fishes — Acanthodes, 
Cheiracanthus,  Diplacanthus,  Parexus,  Climatius,  Holoptychius,  Oste- 
olepis,  Cephalaspis,  Pteraspis,  Coccosteus,  Pterichthys— ("  Ichthyol- 
ites"  and  **  Ichthyodorulites  "). 

And  in  Devonian  proper : —  , 

1.  FiiORA  : — Fucoids — Chondrites,  Actinophyllum. 

2.  Fauna  : — Actinozoa — Favosites,  Heliolites,  Arachnophyllum ;  EehiM' 

dermata — Actinocrinus,  Cyathocrinus,  Echinospherites  ;  duutaeea— 
Cypridina;  Phacops,  Bronteus,  Homalonotus,  and  other  trilobites; 
Brachiopoda—B^irifeTj  Atrypa,  Stringocephalus,  Calceola  ;  ConcAt^ero 
— Avicula,  Corbula,  Megalodon ;  Gasteropoda — Murchisonia,  Euomphar 
lus,  Pleurotomaria ;  Cephalopoda — Clymenia,  Goniatites,  Orthooeras.] 

2o6,  We  have  already  alluded  to  the  difficulty  of  co-ordi- 
nating the  vast  suite  oi  Btxata.  \xa\3aW:5  ea!&yt^*!fc\\s^  geologists 


EBCAPITULATION.  235 

I  under  the  terms  "Devonian"  and  "Old  Red  Sandstone."  The 
time  has  not  yet  arrived  for  establishing  equivalents  ia  distant 
r^ons,  such  as  Britain,  continental  Europe,  and  North  Ame- 
rica; but  taking  the  system  as  separable  into  three  great 
groups,  and  throwing  aside  the  cypridina  slates  of  Belgium 
and  the  Petherwin  beds  of  North  Devon  as  lower  carboniferous, 
the  following  may  be  received  as  an  approximation  : — 

Baggy  Point  aatnlstone  BDd  Marts  Ba;  Hohlats,  If.  Devon ; 
gonlatite,  limestone^  Belgium  ;  yellow  Eandatones  of  Dnra 
Den,  Fifa  ;  Oyalopteris  beds  of  Kilkeimy ;  upp^r  sandstones 
of  Dunse  and  Denliolm. 
nfracomhiB  and Plymoutli  limestonea,  Devon;  Eifel  limeatone, 
Belgian!  ;  red  suidstoaea  of  BerwiciL  ajid  Roxburgh  ;  red 
sandstones,  maris,  conglomerates,  and  comatoiiea  of  Here- 
ford, Cujnlierliuid,  Fife,  Perth,  and  Forfar. 
!Calt1inesB  flags  and  shalee ;  N.  Foreland,  Porlock,  and  Torquay 
beds,  Devon;  Spirifer  sandstones  and  Khale,  Ehiue;  gTt»t 
pebbly  conglomerates  and  flagstones  of  Portar ;  Ludlow  and 
Lanark  tileatouEs. 

In  placing  these  "  tUestones  "  at  the  base  of  the  system,  it  is 
bat  fair  to  inform  the  student  that  they  are  classed  by  some 
geologists  as  Devonian,  and  by  others  as  Silurian.     The  troth 
«,  they  form  a  sort  of  neutral  ground  or  "passage-beds"  be- 
tween the  two  systems ;  and  the  progress  of  the  science  can  be 
little  retarded  by  regarding  them  in  either  light,.    It  is  impos- 
■ible  in  every  case  to  draw  sharp  lines  of  demarcation  between 
oui  so-called  series  and  systems ;   and  to  insist  upon  such 
t>otindaries  is  often  to  do  violence  to  fact  and  obstruct  dis- 
oovety.     In  the  meantime  we  regard  the  Ludlow  and  Lanark 
"tilestones"  as  Upper  Silurian,  because  associated  with  them 
*■«  have  lingula,  troclms,  pterinea,  avieula,  orthoceras,  and  other 
Silurian  shells,  and  no  authenticated  instance  of  cephalaxpis 
**Ccarring  along  with  them ;  and  we  retain  as  the  true  and 
^atural  basis  of  the  Old  Red,  the  "  flagstones  "  of  Forfar  and 
^^erth,  because,  associated  with  the  crustaceans  common  to 
■^flth  aeries,  we  find  in  them  abundant  remains  of  cephalaspis, 
^^-eanthodeg,  diplacanthvs,  dimatius,  and  other  fishes  admittedly 
^ild  Bed ;  and,  lastly,  because  the  great  physical  sections  are 
*iii)ch  more  naturally  correlated  to  flie  one  system  than  to  the 
'^ther.     But,  whether  Old  Red  or  Silurian,  there  can  be  no 
«3oubt  that  these  Forfar,  Lanark,  and  Ludlow  beds  constitute 
^  great  zone  of  crustacean  life  altogether  distinct  and  peculiar, 
end  which  is  only  beginning  to  reveal  its  treasures  to  the  science 
Kyt  palieoutology.  ^fl 
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207.  Beapecting  these  crustaceans,  we  may  brieflj'  remark, 
that  their  place  is  altogether  luiknown  in  zoology.  The  living 
Crustacea  are  by  no  means  a  well-onderstood  class — the  dtfiG- 
culty  being  increased  by  the  fact  that  many  genera  are  totally 
imlike  in  their  larval  and  adult  conditions,  and  that  most  of 
them  pass  through  several  stages  of  metamorphosis.  Uach 
more  apparently  does  this  difficulty  present  itsdf  among  these 
pakeozoic  Crustacea — there  being,  as  it  were,  an  interfusion  of 
phyllopod,  pcecilipod,  and  decapod — of  bracjiyurus,  macnmia, 
and  ziphoBurus  forms.  Besides  several  species  oi  pterygotut, 
with  their  huge  prehensile  claws,  and  swimming  paddles,  and 


m. 


«(Bu«.).   : 


scale-Hke  sculptured  segments,  which  often  indicate  individuals 
four  and  six  feet  in  length,  we  have  the  ceratioearU,  a  shrimp- 
like  form  {ceration,  a  pod,  carts,  a  shrimp),  so  called  from  tte 
pod-tike  shape  of  its  bivalve  shield ;  the  kampecarU,  a  dimin"- 
tive  form  {inm.pi,  a  grub  or  caterpillar),  named  from  its  catet- 
pillar-like  appearance,  and  occurring  in  shoals  in  the  Fo^fa^ 
shire  flags;  the  cumold  forms  found  so  abundantly  in  tlie 
mudstones  of  Upper  Lanark,  and  already  noticed  under  the 
preceding  system  (par.  190) ;  the  eurypleri  found  in  the  pas- 
sage-beds of  Russia  as  well  as  in  those  of  Ludlow  and  Forfar; 
and  the  still  more  complex  form  of  ttt/ltmunu,  first  obtained 
ly  Mr  Powrie  from  the  tilestones  of  Forfar,  and  so  named  from 
the  peculiar  style-like  form  of  its  caudal  appendage,  but  subse- 
quently also  from  the  mudstones  of  Lanark.  All  these,  and  other 
fonna  yet  nndescribed,  are  comparatively  new  to  science ;  an 
liere  (hioat  of  them)  foi  tliefiEehtiiaft%.saae\-,  KDdofjennp,u 
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ave  already  said,  a  fresh  and  inciting  £eld  to  the  crustace- 
it.  The  subject,  it  may  be  mentioned,  however,  haa  been 
a  up  but  wim  indifferent  success  in  one  of  the  Decades  of 
geological  Survey,  and  more  recently  by  Mr  Woodward  in 
of  the  monographs  of  the  Palteontographical  Society — 
cal  new  genera  and  many  species  from  the  Silurian  and 
Bed  Sandstone  being  there  figured  and  described,  as  well 
te  more  characteristic  forms  of  the  later  formationa. 
18.  For  farther  elucidation  of  this  classical  system,  the 
Bnt  may  refer  to  Hugh  Miller's  '  Old  Red  Sandstone ; '  to 
Poisaons  Foasiles '  and  '  Monographie  des  Poissous  Fos- 
du  Yieuz  Qrfes  Rouge'  of  Agassiz;  to  Mr  Woodward's 
nograph  of  Fossil  Crustacea '  {Palffiontographical  Society);  ■ 
iveral  of  the  chapters  in  Murchisou's  '  Siluria ; '  to  De  la 
lo's  'Report  on  the  Geology  of  Devon;'  to  Murchisou's 
laia  in  Europe;'  to  Mr  Jukea's  'Notes  on  the  Rocks  of 
^th  of  IreUnd  aud  North  Devon ; '  and  to  several  recent 
ra  by  various  observers  in  the  'Journal  erf  the  Oeological 
Bty." 
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THE   CAEBONIFEEOUS  SYSTEM: 

EMBRACING — I,    THE  LOWER  COAL-MEASURES;    2,    THE  M0T7K- 

TAIN  limestone;  3,    THE  MILLSTONE   GRIT;  AND, 

4,    THE   UPPER  OR  TRUE   COAL-MEASURES. 

209.  Immediately  above  the  Old  Red  Sandstone  and  De- 
vonian strata,  but  clearly  distinguished  from  them  by  the 
abundance  of  their  vegetable  remains,  occur  the  lower  mem- 
bers of  the  Carboniferous  System.  It  is  to  this  profusion 
of  vegetable  matter — ^the  chief  solid  element  of  which  is  ca^ 
bon — ^that  the  system  owes  its  name ;  a  profusion  which  has 
formed  beds  of  coal  (coal  being  but  a  mass  of  mineralised  v^ 
tation),  enters  into  the  composition  of  all  the  bituminous  or 
coaly  shales,  and  which  stamps  many  of  the  sandstones  and 
limestones  of  the  formation  with  a  carbonaceous  aspect  As 
above  indicated,  the  system  in  the  area  of  Britain  is  generally 
separable  into  four  well-marked  groups — the  lower  coal-mecuures; 
the  mountain  limestone;  the  millstone  grit;  and  the  upper  or  true 
coal-measures.  The  student  must  not,  however,  suppose  that 
these  groups  are  everywhere  present  one  above  another  in  r^- 
lar  order.  All  that  is  affirmed  by  geology  is,  that  these  four 
groups  are  found  in  certain  localities ;  and  it  is  a  rule  of  the 
science  always  to  take  as  the  type  of  a  formation  the  fullest 
development  that  can  be  discovered.  In  some  districts  the 
lower  coal-measures  are  absent,  and  the  mountain  limestone 

with  its  shales  rests  immediately  on  the  old  red  sandstone; 

in  other  countries  both.  t\ie  lo^et  gcovscg^  «t^  ^^-wit^  and  the 
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coal  reposes  on  old  crystalline  rocka ;  while  in  others,  again, 
the  lower  coal-meBaures  and  mountain  limestone  are  enor- 
motialy  developed,  and  the  coal-meaaurea  very  sparingly  and 
partially  so.  Whatever  portion  of  the  system  may  be  present, 
it  is  always  easily  recognised — the  abundance  and  peculiari^ 
of  its  fossil  vegetables  impressing  it  with  features  which,  onoa 
seen,  can  never  be  mistaken  for  those  of  any  other  formation. 
Derived  from  the  waste  of  all  the  preceding  systems,  the  strata 
of  the  carboniferous  formation  necessarily  present  a  great  variety 
and  complexity  of  composition.  There  are  sandstones  of  every 
degree  of  purity,  from  thick  beds  composed  of  white  quartz 
grains,  to  flaggy  strata  differing  tittle  from  sandy  shales;  sbaleB 
I  soft  laminated  clays  to  dark  slaty  flags,  and  from  these 
10  bituminous  that  they  are  scarcely  distinguishable 
1  impure  coals  ;  and  limestones,  from  sparkling  saccharoid 
cbles  to  calcareous  grits  and  sh^es.  Besides  these  varieties 
of  sandstones,  clays,  shales,  and  Umestones,  there  occur,  on  a 
notable  scale,  seams  of  Hhtminous  coal  and  hands  of  iroiutone, 
and  these  also,  appearing  in  eveiy  degree  of  admbrture,  add 
still  further  to  the  complexity  of  the  system.  On  the  whole, 
the  carboDiferous  strata,  from  first  to  last,  may  be  said  to  be 
composed  of  frequent  alternations  of  sandstones,  shales,  firs- 
days,  limestones,  coals,  and  ironstones — and  these  in  their 
apective  groups  we  sh^  now  consider. 


I 


210.  This  group  is  meant  to  embrace  all  the  alternations  of 

strata  which  ue  between  the  old  red  sandstone  and  the  moun- 

'^in  or  carbooiferous  limestone.     In  some  districts  it  is  very 

^^sontily  developed;  in  others,  as  in  Ireland  and  Scotland,  it 

^"ttaina  a  thickness  of  several  thousand  feet.     In  the  south  of 

:l^»eland  it  consists  chiefly  of  dark  slaty  shales,  grits,  flaggy 

*- Umestones,  and  thin  seams  of  impure  coal ;  and  has,  from  the 

■^Seneral  slaty  aspect  of  its  strata,  been  termed  by  Sir  E.  Griffiths 

tlie  Carboniferous  Siates.    In  Scotland,  particularly  in  the  east 

*af  Fife  and  the  Lothiaus,  it  has  none  of  this  slaty  character, 

\iut  consists  essentially  of  thick-bedded  white  sandstones,  dark 

^itnmiDOus  shales,  frequently  embedding  bands  of  ironstone, 

Ihin  seams  of  coal,  and  peculiar  strata,  either  of  shell-limestone 

or  of  argillaceous  limestone,  thought  from  their  fossils  to  be  of 

^^fcesh-water  or  estuary  origin.   Unless  in  its  fine  white  sandstones 

^^^b  ordinary  building-stone  of  Edinburgh  and  St  Andrews),  in  J 
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its  fine-grained  estuarine  and  shell  limestones  (Burdiehouse, 
Burntisland,  and  Kingsbams),  and  in  the  greater  profusion  of 
its  shells  and  fishes,  the  lower  group,  as  developed  in  Scotland, 
differs  little  in  appearance  from  the  upper  group ;  hence  the 
term  Lower  Coal-Measures  generally  applied  to  it  in  that  coun- 
try. The  term  Caldferous  sandstones,  applied  to  the  group  by 
the  late  Charles  Maclaren,  is  sometimes  employed,  as  well  as 
the  more  strictly  local  one  of  Twedian  Beds,  by  Mr  George 
Tate,  from  its  special  development  in  the  lower  valley  of  the 
Tweed.  In  Nova  Scotia,  as  shown  by  Dr  Dawson,  the  lower 
carboniferous  measures  consist  chiefly  of  clayey  and  bitumi- 
nous shales,  sandstones,  and  thick  beds  of  gypsum ;  and,  as  a 
group,  are  clearly  separable  from  the  true  coal-measures  above, 
both  in  their  lithological  and  palaeontological  aspects. 

211.  Looking  at  the  lower  coal-measures  in  the  mass,  there 
cannot  be  a  doubt  they  were  deposited  under  very  d^erent 
conditions  from  the  mountain  limestone  above.  The  moun- 
tain limestone  is  profusely  charged  with  marine  shells  and 
corals ;  the  lower  coal-measures,  on  the  other  hand,  have  more 
of  a  fresh- water  than  of  a  salt-water  aspect.  CoraJloid  fossils 
are  rarely  or  ever  found  in  their  strata ;  their  shells  are,  for 
the  most  part,  estuarine ;  their  plants  seem  to  have  grown  in 
marshes  and  deltic  jungles,  and  many  of  their  fishes  are  large 
and  of  sauroid  types.  Under  these  circimistances,  we  are  jus- 
tified in  regarding  them  as  a  separate  group — a  group  which, 
when  more  minutely  investigated  as  to  the  specific  characteis 
of  its  fossils,  will  throw  much  important  light  on  the  earUer 
history  of  the  period.  As  a  whole,  the  lower  coal  group  in 
Scotland  is  eminently  characterised  by  fresh-water  or  estuaiy 
remains,  though  in  several  instances  bands  of  limestone  and 
ironstone  occur  containing  encrinal  joints,  retepora,  palsBchi- 
nus,  Murchisonia,  and  the  like ;  thus  showing  that  during  the 
deposition  of  the  strata  there  were  occasional  alternations  of 
marine  and  fresh-water  conditions.  The  Plants  most  charac- 
teristic of  the  group  are, — sphenopteris  affirUs,  s,  bifida,  and «. 
linearis;  pecopteris  heterophyllum ;  neuropteris  Loshii;  cola- 
mites  cannceformis ;  lepidodendron  elegans*l,  sela^noides,  and 
L  gracilis;  lepidostrobus  variabilis  and  omatus;  lepidophyllum 
intermedium;  stigmaria  Jicoides  and  stellata;  with  sigilUma 
pachyderms  and  ocvlaia,  Knorria  of  various  species, /atmtona, 
hothrodendron  and  vlodendron.  Of  the  Animal  remains  the 
most  characteristic  are  the  minute  crustaceans  cypris,  eythere, 
BairdiOy  Leperditia^  tfea,  which  abound  in  all  the  shales  and 
limestones  I  microoonckui  carbanarvus^  or  spirorbis;  various 
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wiiowdae  {an&riKonai),  BometimeB  forming  whole  bands  of 
shell -limestone ;  palceoniecut  of  various  apecies,  eurgnotw, 


amblyptena,  and  platy»om.u»,  megalKhlhys,  rhuodus  Hibbertii, 
and  aome  other  well-marked  ichthyolites  and  coprolites  yet 
imfigared  and  undescnbed.      So  characteristic,  indeed,  are 


^^»H  4n  >lliV 


many  of  these  fossils,  that  there  is  little  difficulty  in  deter- 
mining, by  their  aid,  the  lower  from  the  upper  coal  measures. 
212.  In  its  mineral  composition  and  structure,  the  group 
bears  evidence  of  frequent  dtemationa  of  sediment,  as  if  the 
riveiB  of  transport  were  now  charged  with  mud.  a.wi  -^ft^^XsMis. 
debris,  now  with  ]imy  ailt,  and  anon  -wifh.  aaivi  «ti4.  ^aap 
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There  are  no  conglomerates  as  in  the  Old  Bed  Sandstone,  and 
from  the  laminated  or  flaggy  structure  of  many  of  the  strata, 
they  seem  to  have  been  deposited  in  tranquil  waters.  There 
are,  however,  more  frequent  interstratifications  of  igneous  rock 
and  precipitated  showers  of  volcanic  ash,  as  if  the  seas  and  estu- 
aries of  deposit  had  also  been  the  seats  of  submarine  volcanoes 
and  craters  of  eruption.  The  iron  which  impregnated  the 
waters  of  the  Old  Red  period,  and  tinged  with  rusty  red  the 
whole  of  that  system,  now  appears  (through  the  agency  of 
decaying  vegetation)  in  the  segregated  form  of  bands  and 
nodules  of  ironstone.  The  frequent  thin  seams  of  coal  point 
to  a  new  exuberance  of  terrestrial  vegetation,  and  indicate  the 
existence  of  a  genial  climate  and  of  dry  lands — of  upland 
forests  where  pines  like  the  araucaria  reared  their  gigantic 
trunks — of  river-banks  where  tree-ferns  waved  their  feathery 
fronds — and  of  estuary  swamps  where  gigantic  reeds,  eqmse- 
tums,  and  other  marsh  vegetation,  flourished  in  abundance. 
On  the  whole,  the  evidence  of  drifting  agencies  is  much  more 
apparent  in  the  coals  of  the  Lower  than  in  those  of  the  Upper 
series.  Interlaminated  bands  of  bituminous  shale  and  iron- 
stone, shells,  fish-spines,  and  other  detached  organisms  em- 
bedded in  the  coal,  as  well  as  the  general  absence  of  true 
"  under-clays  "  or  ancient  soils  of  growth,  point  to  conditions 
of  drift  and  estuary  accumulation,  rather  than  to  terrestrial 
growth  in  situ  and  subsequent  submergence  (see  Recapitula- 
tion). Again,  when  we  turn  to  the  shell-limestones,  and  find 
them  two  or  three  feet  in  thickness  ^Eingsbams,  Fifeshire), 
and  entirely  composed  of  mussel-like  bivalves  (anodoriy  antkror 
cosiaf  <kc.),  we  are  instantly  reminded  of  estuaries  where  these 
shell-fish  lived  in  beds,  as  do  the  mussel  and  other,  gregarious 
molluscs  of  the  present  day.  Or  if  we  examine  the  frequent 
remains  of  the  fishes  (their  teeth  and  coprolites)  which  are 
found  in  the  shales  and  limestones,  we  have  ample  evidence  of 
their  predacious  habits,  and  are  forcibly  reminded  of  shallow 
seas  and  estuaries,  where  huge  sauroid  fishes  were  the  tyrant- 
scavengers  of  the  period.  A  few  fragments  of  land-shells,  and 
the  skeletons  of  several  reptiles  apparently  allied  to  the  batra- 
chians  or  frog-kind  in  the  Nova  Scotian  coal-field,  indicate 
the  existence  of  a  terrestrial  fauna  which  becomes  more  abun- 
dant and  varied  in  the  higher  groups  of  the  system. 

[Several  of  the  thick-bedded  sandstones  of  the  Lower  Coal-Measures,  with 

their  enclosed  trunks  and  branches  of  trees,  would  seem  to  have  been  formed 

on  land  hy  wind-drift,  and  subsequeiitly  submerged,  and  then  overlaid  by 

other  strata.     That  such  a  pioceas  is  "VA^^  ^x^iJoV&S&^^YL  illustrated  by 
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the  following  extract  from  Gardner's  '  Travels  in  Brazil :  *  "  The  village  of 
P^ba  is  situated  a  little  way  inland,  north  of  the  mouth  of  the  Rio  Francisco, 
and  is  hidden  from  the  sea  by  a  high  embankment  of  sand,  which,  at  this 
place,  is  very  much  drifted  by  the  wind :  it  is,  however,  recognised  at  a 
considerable  distance  by  the  number  of  tall  cocoa-nut  trees  which  grow  near 
the  shore.  I  was  here  particularly  struck  with  a  fact  which  goes  a  great 
way  to  explain  the  phenomenon  of  the  stem  of  a  fossil  tree  being  found 
passing  through  several  strata  of  sandstone  rock.  Many  of  the  cocoa-nut 
trees  have  their  stems  embedded,  to  the  depth  of  fifty  feet  or  more,  in  the 
embankment  of  sand  which  stretches  along  the  shore,  and  in  many  places 
several  hundred  feet  broad ;  some  of  them,  indeed,  are  so  deeply  embedded 
that  the  nuts  can  be  gathered  without  climbing  the  tree.  Now,  as  this  sand 
has  accumulated  at  different  periods,  particularly  during  the  prevalence  of 
the  north-east  trade-wind,  it  must  present,  if  ever  it  becomes  hardened,  a 
vast  number  of  irregularly  horizontal  beds,  through  which  the  stems  of  the 
palms  will  be  found  to  pass."] 


II. — ^MOUNTAIN   OR   CARBONIFEROUS  LIMESTONE. 

213.  TMs  group  is  one  of  the  most  distinct  and  unmistakable 
in  the  whole  crust  of  the  earth.  Whether  consisting  of  one  thick 
reef-like  bed  of  limestone,  or  of  many  beds  with  alternating 
shales  and  gritty  sandstones,  its  peculiar  corals,  encrinites,  and 
shells  distinguish  it  at  once  from  all  other  series  of  strata. 
In  fact,  it  forms  in  the  rocky  crust  a  zone,  so  marked  and  pe- 
culiar, that  it  becomes  a  guiding -post,  not  only  to  the  miner 
in  the  carboniferous  system,  but  to  the  geologist  in  his  re- 
searches among  other  strata.  It  has  received  the  name  of 
Mountain  Limestone  because  it  is  very  generally  found  flanking 
or  crowning  the  trap-hills  that  intervene  between  the  Old  Ked 
and  the  Coal-measures,  where,  from  its  hard  and  durable  tex- 
ture, it  forms  bold  escarpments,  as  in  the  hills  of -Derbyshire, 
Yorkshire,  Westmoreland,  Fife,  and  many  parts  of  Ireland.  It 
is  also  termed  the  Carboniferous  Limestone,  from-  its  occurring 
in  that  system,  and  constituting  one  of  its  most  remarkable 
features. 

214.  As  already  indicated,  this  group  in  some  districts  con- 
sists of  a  few  thick  beds  of  limestone,  with  subordinate  layers 
of  calcareous  shale.  In  other  localities  the  shales  predomi- 
nate, and  the  limestones  occupy  a  subordinate  place,  alternat- 
ing with  the  shales,  thin  seams  of  coal,  and  strata  of  gritty 
sandstones.  Occasionally  the  limel&tone  appears  in  one  bold 
reef-like  mass,  of  several  hundred  feet  in  thickness,  separated 
by  a  few  partings  of  shale,  or  rather  layers  of  impure  lime- 
stone. Whatever  be  the  order  of  succes&ioiv,  \\.  "vx&waJ^^  ^^- 
curs  as  a  dark  suh-cryatalline  limestone,  occa&\oiv"3XV5  xvsfc^  "^^ 
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marble,  but  more  frequently  raised  for  mortar,  for  iron-smelt- 
ing, and  for  agricultural  purposes.  In  some  fields  it  is 
sUghtly  magnesian,  and  in  others  gypseous ;  while  in  most 
areas  it  is  replete  with  the  exuviae  of  corals,  encrinites, 
and  shells — these  fossils  forming  the  curious  markings  (the 
"figure,"  as  the  marble-cutter  terms  it)  on  its  polished  sur- 
face. In  certain  localities  some  of  the  bands  are  dark  and 
bituminous — forming,  when  polished,  the  "  black  marble  "  of 
the  statuary :  and  others,  when  rubbed,  or  struck  with  the 
hammer,  e^t  a  higUy  fetid  odour,  weil  known  as  "stink- 
steins"  and  "  swinestones."  Occasionally  the  bitumen  makes 
its  appearance  in  the  chinks  and  fissures  in  a  free  state,  espe- 
cially in  the  vicinity  of  trap  dykes  and  irruptions ;  and  thus 
we  have  springs  of  petroleum,  and  masses  of  elaterite,  and 
slaggy  mineral  pitch,  as  in  Derbyshire,  Fifeshire,  and  LinUth- 
gow.  Besides  being  rent  and  dislocated,  and  intersected  by 
frequent  metalliferous  veins,  it  is  further  crossed  by  what  are 
called  joints  or  divisional  planes  (the  "  backs  "  and  "cutters  "  of 
the  quarryman) — ^these  being  fissures  perpendicular  to  the  lines 
of  bedding,  and  causing  the  rock  to  break  up  in  large  tabular 
masses.  These  natural  rents  affording  free  passage  to  water, 
the  mountain  limestone  is  very  often  grooved  and  channeled 
— these  channels,  where  the  rock  is  thick,  becoming  caverns, 
and  grottoes  of  great  extent  and  magnitude.  It  is  to  this 
percolation  of  water  charged  with  carbonic  acid  that  we  owe 
not  only  these  caverns  and  the  beautiful  stalactites  and  stalag- 
mites which  adorn  their  roofs  and  floors,  but  also  the  petrifying 
springs  which  abound  in  limestone  districts.  To  the  same 
cause,  in  like  manner,  we  owe  the  production  of  rottenrsUme 
from  beds  of  silicious  limestone — the  carbonated  waters  dis- 
solving the  limy  portion,  and  leaving  the  Kght,  porous,  silici- 
ous residuum  which  forms  the  "  rotten-stone  "  of  commerce. 

Palseontological  Aspects. 

215.  The  palaeontology  of  the  Carboniferous  limestone,  as  a 
group,  is  highly  indicative  of  marine  conditions;  and  in  general 
the  observer  feels  as  little  difficulty  in  accounting  for  its  forma- 
tion, as  he  does  in  accounting  for  the  origin  of  an  existing  coral- 
reef.  In  the  sandstones  and  shales  that  accompany  the  lime- 
stones, we  have  the  usual  Plants  of  the  true  Coal-measures ;  at 
least,  so  far  as  yet  investigated,  no  real  specific  differences  have 
been  observed.  In  the  calcareous  beds  there  is  an  exuber- 
ant  marine  Fauna,  ind\id\xig  iot^sBcimi^\a^  «^onges,  corals, 
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encrinites,  polyzoa,  molluBca,  Crustacea,  and  enamel -scaled 
fishes,  some  of  huge  and  sauroid  aspect  LeavinK  the  fiora  to 
be  noticed  under  3ie  Coal-measures  proper,  we  enall  here  ad- 
vert to  a  few  of  the  more  characteristic  animal  remains.  Among 
the  zoophytes  we  have  cup-corak,  star-corals,  tube-curals,  and 
branching  and  lamelliferous  corals  —  the  more  abundant  of 
which  are  the  tutrteopora  (star-pore),  the  cyai/tophpllum  (cnp- 
leafl,  cyathopiit  (cup  -  lite),  cliiiophylluin  or  turbinolia  (curl- 
leaf),  litkottrolitm  (stone-spread),  tyringopora  (pipe  -  pore), 
aulopora,   (tube-pore),   lUhodendron  (stone- tree),    and   other 


forms — all  receivmg  their  designations  from  some  pecubanty 
of  form  or  structure  and  most  of  them  distinct  and  m 
dependent  species  Of  the  echinoderms  by  far  the  moat 
abundant  are  the  enjwidea,  or  encnmtes,  whose  jointed 
stems  and  branches  often  make  up  the  entire  mass  of 
hmestone,  hence  the  frequent  synonym  of  "eucrmal  or 
"  encnnital  Umestone  As  tnlobitea  were  especially  charac 
tenstic  of  the  Silunan  period  and  bony  p\s.te&  &^««  (A.  'O&a 
Old  Red  SandstOBe,  so  may  encnniteH  be  TQgs.T&c&  %a  ■^wh. 
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liarly  distinctive  of  the  mountain  limestone.  They  occur 
in  eadleaa  varieties,  but  are  all  constructed  on  the  same  plan 
— viz.,  that  of  a  cup-like  body,  furnished  with  numerous  anna 
and  branches,  and  attached  to  the  sea-bottom  by  a  joint«d 
and  flexible  stalk.  They  derive  their  names  chiefly  from  the 
shape  of  their  cup-like  bodies,  or  from  that  of  the  calcareous 
joints  which  compose  the  stalk  Thus  we  have  the  cyaiho- 
crinut,  so  called  from  the  cup-like  shape  of  its  body,  the 
apiocrintit,  or  pear-shaped ;  rhodoennui,  or  rose-shaped, 
poteriocrinua,  or  goblet-shaped ,  attrocrtnui,  from  the  star 
like  disposition  of  ite  fingers,  the  actntocrvam,  or  spinj 
encrinite,  and  many  other  genera  of  these  cunous  echino- 
derms.     Besides  the  encrinitea  or  lily-ahaped  radiata,  there 


are  true  star-fishes,  like  the  asterias  of  our  own  .seas,  and 
echinoderms,  like  our  sea-urchins, — their  detached  spines 
often  covering  the  surfaces  of  limestone  strata,  and  known  aa 
the  arch^oddaria  (ancieiil;  cidarjs),  and  pcUceckCnus  {ancient 
sea-urchin).  The  annelids  serpula,  serpvlitet,  and  tpirorbit, 
are  fouaA  in  all  the  groups ;  and  so  also  of  the  crustaceans 
c^pris,    cypridina,   dilftyrowim,  eurijptenw,  «aA  Umidoidet- 
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The  trilobitea  PhUlipmt  and  Gri£itkide»  are  confined  more  to 
the  ehales  of  the  mountain  limeatone ;  and  eeveral  insecta 
(mrciUionides,  Uattiw^  have  been  detected  in  the  coal-fielda  of 
Coalbrookdale.  Of  the  molluaca  we  have  many  of  the  com- 
pound neHike  polyzoa,  as  reUp<»ra  (net-pore),  polypora  (many- 
pore),  vinevlaria  (chain-pore),  feiw-ettUa  (little-window-pore), 
ptUopora,  arckimedopora,  and  other  forma.     Of  the  brachlo- 


FbUUpila   pnnuliiu    (TnlDblu), 


pods,  the  produetut,  terehratula,  spin/era,  pentamerat,  rhyrir 
condla,  orihU,  and  Hnffula,  are  found  in  almost  every  bed ; 
■  so  mach  so,  that  "productus  hmestone"  is  not  unfrequently 
used  as  a  ^nonym.  Among  the  lamellibranch  bivalvea,  the 
moat  abundant  are  the  avicida,  aviculopecten,  inoceramvt,  po»C- 
donomya,  modiola,  inyalina,  nvcula,  and  tangwinolitu.  Of  the 
pteropods  we  have  the  beautiful  convlaria  found  in  the  Ume- 
stonea  of  Carluke,  Campsie,  Fife,  and  Bristol.  Of  the  gas- 
teropods,  ea(m).phal'u»,  b^Uropbon,  loxonema,  Murchisonia, 
natica,  and  plewrotomaria  are  the  prevailing  forms ;  and  of 
the  cephalopods,  natOUug,  goniatiU»,  and  orthoeeras  are  the 
predonainating  genera.  In  some  locahtles,  several  of  the 
preceding  forms  range  throughout  the  whoVe  wjsXeia-,  wA 
'  1  many  inatttnces,  \o  s&^sw.\»  SSu.* 
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system  into  auythine  like  well-marked  groups.  Of  the  fishes 
which  range  throu^out  the  system,  but  are  certainly  most 
abundant  in  the  Limestone  and  Lower  Measures,  we  may  notice 
'meg<d,ichthys  (large  fish),  the  kotoptycltius  ffibberlii,  the  rhiao- 
ditt,  palceonisffM,  amblypterut,  mirynotut,  and  platysomug, 
which  are  often  found  pretty  entire ;  the  fin-spines  gyraeart- 
thut,  etenaeanthvs,  ptyeaaitUkut,  pleura^MtUhiis,  orthoceadkut. 


&c,  which  occur  of  large  size,  and  present  veiy  curious  fonnt 
and  ornamentation;  and  the  palatal  teeth  of  cestracion-like 
Ssbea,  which  occur  in  great  pYentj,  and.  tave  been  erected  ioto 
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sQch  proTiBional  Bpecies  as  psammodug,  coddiodut,  hetodia, 
petalodut,  cfeTu^ychiut,  &c. — names  derived  from  the  forms, 
BculptiuiDg,  or  external  structure.  As  to  the  huge  predstoiy 
fishes,  to  'which  many  of  these  ichthyolites  belonged,  we  know 
almost  nothing,  and,  in  absence  of  every  other  portion  of 


their  cartilaginous  fonns,  must  rest  satisfied  with  temporary 
names  and  apparent  affinities  with  living  families.     Besides 


the  remains  of  sauroid  fishes,  there  c 

of  fish-like  saoriani^  indicating  that  in  the  s 
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shallow  seas,  Eeptiles  of  aquatic,  and  in  all  likelihood  of 
amphibious,  habits  were  beginning  to  prevaiL  Little  is 
known  of  the  anatomy  of  these  early  reptiles,  but  from  their 
fish-like  affinities  they  are  generally  regarded  of  lowly  or- 
ganisation. The  coal-fields  of  Germany,  Scotland,  Ireland, 
and  Nova  Scotia,  have  as  yet  yielded  the  most  legible  frag- 
ments ;  and  these  are  known  by  such  names  as  dmdrerpeton 
(tree -reptile),  archcegosaurua  (primeval  saurian),  antkraco- 
saurus  (coal-saurian),  pholidogcLster  (scute-belly),  ophiderpeton 
(serpent-lizard),  and  the  like.  Another  common  fossil  in  the 
shales  of  the  mountain  limestone  and  coal-measures,  as  indeed 
in  the  shales  of  all  the  secondary  formations,  is  the  coprolite 
(koproSy  dung,  and  lithos,  a  stone),  or  fossil  excrement  of 
fishes  and  saurians.  In  many  instances  coprolites  contam 
scales,  fragments  of  shells,  entomostraca,  &c.,  the  remains  of 
creatures  on  which  these  voracious  animals  preyed,  and  not 
unfrequently  they  exhibit  the  corrugations  and  convolutions 
of  the  intestinal  canal.  In  the  coal-measures  the  coprolites 
are  apparently  those  of  fishes,  and  in  many  of  the  shales  are 
so  abundant  as  to  constitute  a  notable  proportion  of  the 
stratum. 


UPPER  OR   TRUE   COAL-MEASURES. 

216.  This  group,  which  completes  the  Carboniferous  sj^s- 
tem,  derives  its  name  from  the  fact  that  it  furnishes  in  Britain 
those  valuable  beds  of  coal  which  contribute  so  materially  to 
our  country's  prosperity  and  power.     Occurring  immediately 
above  the  mountain  limestone,  or  sometimes  separated  from  it, 
as  in  England  and  Wales,  by  thick  beds  of  quartzose  sand- 
stone known  as  the  Millstone  Grit^  it  consists  essentially  of 
alternations  of  sandstones,  grits,  fire-clays,  black  bituminous 
shales,   bands  of  ironstone,   seams  of  coal,  and   occasional 
beds  of  impure  limestone.      One  of  the  most  notable  fea- 
tures in  its  composition  is  the  frequent  recurrence  of  seams 
of  coal  and  beds  of  bituminous  shale — all  bespeaking  an  enor- 
mous profusion  of  vegetable  growth,  and  a  long-continued 
epoch  in  the  world's  history,  when  conditions  of  soil,  moisture, 
and  climate  conjoined  to  produce  a  flora  since  then  unparal- 
leled either  in  variety  of  form  or  in  numerical  abundance.    It 
is  this  profusion  of  vegetable  growth,  now  converted  or  min- 
eralised into  coaly  which  distinguishes  the  Carboniferous  from 
all  other  systems — ^the  lakes,  ealwanfta,  and  marine  flats  of  the 
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period  being  repeatedly  choked  with  vegetable  matter,  partly 
drifted  from  a  distance  by  river  inundations,  and  partly  accu- 
mulated  on  the  bed  of  its  growth  after  the  manner  of  peat- 
mosses, jungles,  and  submerged  forests. — (For  theories  of 
formation,  see  Recapitulation.) 

Lithological  Composition. 

217.  The  Coal-measures,  as  already  stated,  consist  of  alter- 
nations of  sandstones,  coals,  shales,  ironstones,  fire-clays,  and 
impure  limestones;  the  Millstone  Grit,  which  is  a  local  de- 
velopment, and  not  a  persistent  group,  consisting  mainly  of 
thick-bedded  quartzose  sandstones  (frequently  ripple-marked 
and  worm-tracked)  with  subordinate  layers  of  shale  and  coal. 
This  millstone  grit  constitutes  the  "  Farewell  Rock  "  of  the 
Welsh  miner,  as  on  sinking  to  it  he  bids  farewell  to  the  work- 
able coals  of  the  true  or  upper  coal-measures.  Among  the 
multifarious  beds  of  the  coal  group,  there  is  no  apparent  order 
of  succession,  though  gritty  sandstones  may  be  said  to  prevail 
at  the  base  of  the  group,  shales  and  coals  in  the  middle,  and 
sandstones  and  marly  shales  in  the  upper  portion — these 
gradually  passing  into  the  superior  system  of  the  new  red 
sandstone.  In  some  areas,  as  the  Bristol  coal-field,  it  is  sepa- 
rable into  a  lower  and  upper  series  by  a  great  thickness  of 
fissile  micaceous  sandstones,  known  as  the  **  Pennant  Rock ;  " 
but  such  local  peculiarities  are  innumerable,  no  two  coal-fields 
showing  the  same  succession  of  sediments,  though  mining 
engineers  often  vainly  attempt  such  impossible  correlations. 
The  sandstones  occur  in  great  variety,  from  the  finest  grain  to 
the  coarsest  grit,  from  the  loosest  texture  to  the  most  compact 
and  silicious  mass  (gannister),  and  from  the  purest  white 
through  every  intermediate  shade  of  yellow,  brown,  and  black. 
Occasionally  they  are  thin-bedded  or  flaggy,  but  in  this  case 
they  are  more  or  less  mingled  with  carbonaceous,  argilla- 
ceous, or  calcareous  matter.  The  coals  also  present  numerous 
differences,  according  to  the  amount  of  earthy  impurity  that 
may  have  mingled  with  the  original  vegetable  mass,  the  nature 
of  the  plants  themselves,  and  the  degree  of  decomposition 
these  may  have  undergone  before  their  final  entombment  and 
mineralisation.  They  are  known  to  mineralogists  as  anthra- 
cite, a  non-bituminous  and  semi-lustrous  variety ;  caJdng  or 
coking  coal,  a  highly  bituminiferous  sort,  like  that  of  New- 
castle, which  cakes  or  undergoes  a  kind  of  fusion  dMiiti^^  ^'scjl- 
bustion ;  splint,  a  leas  bituminous  and  slaty  \a\:\a\.^^  ^Va.^ 
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bums  free  and  open,  without  caking ;  and  cannel,  a  compact 
lustrous  variety,  which  breaks  with  a  conchoidal  or  shell-like 
fracture,  and  is  extensively  used  in  the  manufacture  of  gas. 
In  fact,  among  coals,  as  among  all  other  mixed  rocks,  there  is 
every  degree  of  admixture,  from  a  variety  that  may  yield  on 
combustion  only  some  i  or  2  per  cent  of  ash,  to  another  that 
may  leave  as  much  as  30  per  cent  of  earthy  residue,  or  even 
be  so  impure  as  to  be  altogether  unfit  for  fuel.  The  names, 
therefore,  by  which  the  varieties  of  coal  are  known,  must  be 
viewed  as  popular  and  local,  rather  than  as  strictly  scientific ; 
though  such  terms  as  we  have  above  indicated  are  certainly  pre- 
ferable to  those  often  employed  to  designate  the  mere  applica- 
tion of  the  varieties ;  as  "  steam  coal,"  "  gas-coal,"  "  oil-coal," 
"  furnace-coal,"  "  household-coal,"  and  the  like.  The  shales  are 
generally  dark-coloured,  and  more  or  less  bituminous — many 
of  them  occurring  as  oU-shaleSy  and  used  for  the  distillation  of 
paraffin,  as  alum-shales,  and  some  of  them  sufficiently  jpyn^ 
Otis  to  be  used  in  the  preparation  of  copperas  and  sulphuric 
acid.  The  limestones  are  often  impure  and  earthy ;  and  the 
ironstones  occur  in  bands  or  in  nodules — either  as  a  clay-car- 
bonate of  iron,  or  in  combination  with  bituminous  or  c6aly 
matter,  as  the  "  black-bands  "  of  Scotland.  It  is  this  natural 
admixture  of  coaly  matter  which  confers  on  these  black-bands 
their  especial  value,  the  raw  stone  being  readily  calcined — in 
fact,  burning  and  slagging  itself — ^without  the  expensive  ad- 
mixture of  coal,  as  is  the  case  with  the  ordinary  clay-ironstones 
and  haematites.  The  clays — ^that  is,  the  argillaceous  beds 
which  do  not  exhibit  a  laminated  or  shaly  structure — occur 
also  in  every  variety,  from  pure  plastic  clays  to  impure  earthy 
mudstones.  The  fire-days  are  those  so  called  from  their 
power  of  resisting  heat  without  slagging  or  vitrifying,  a  pro- 
perty they  possess  from  their  freedom  from  alkaline  earths 
and  iron  ;  and  the  under-clays  (which  are  generally  fire-clays) 
are  those  which  occur  immediately  underlying  the  seams  of 
coal.  At  one  time  it  was  held  by  the  advocates  of  the  sub- 
mergence theory  (see  Kecapitulation),  that  every  seam  of  coal 
has  its  under-clay,  or  soil-bed,  on  which  the  vegetation  has 
grown  and  decayed  ]  but  this,  like  many  other  hasty  generali- 
sations, is  far  from  being  correct — some  coal-seams  resting 
hard  on  sandstone,  and  others  immediately  on  calcareous  beds, 
or  even  on  other  seams  of  coaL 

218.  In  treating  the  lithology  of  the  Coal-measures,  we 
must  also  remind  the  student  how  desirable  it  is  to  abide  by 
seientiSc  and  intelligible  terms,  aiv^to  w?o\^\Xi^  \iae  of  local 
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and  provincial  names  that  cannot  be  understood  beyond  the 
limits  of  the  district  in  which  they  are  employed.  Clay,  shale, 
coal,  ironstone,  limestone,  and  sandstone,  are  well-known 
rocks,  and  any  admixture  of  them  can  be  readily  described  by 
a  compound  term  expressive  of  the  peculiar  composition  in 
question.  Thus,  a  "  ferruginous  clay,"  a  "  calcareous  shale," 
a  "  bitumino-calcareous  shale,"  or  an  "  argillo-calcareous  sand- 
stone," are  designations  which  at  once  suggest  the  peculiar 
nature  and  composition  of  the  stratum;  whereas  the  "  faikes," 
and  "blaize,"  and  "sklut"  of  one  coal-field — the  "clunch," 
and  "dogger,"  and  "  cat's-heads  "  of  a  second — or  the  "  bratt," 
and  "breeze,"  and  "peldon"  of  a  third — are  terms  which  re- 
quire explanation  at  every  step,  and,  after  all,  are  wanting  in 
that  precision  which  the  advancement  of  science  most  imper- 
atively demands.  How  worthless,  therefore,  are  most  of  the 
sections  and  Journals  of  borings  occasionally  published  in  of- 
ficial memoirs,  and  continually  supplied  by  men  professing  to 
be  mining  engineers  and  coal-viewers  !  The  truth  is,  for  the 
purposes  of  scientific  generalisation,  nine-tenths  of  such  sec- 
tions are  not  only  worthless,  but,  being  calculated  to  mislead, 
are  positively  detrimental 

Palseontological  Aspects. 

219.  The  organic  remains  of  the  Coal-measures  proper, 
though  exhibiting  many  features  in  common  with  the  groups 
already  described,  are  still,  as  a  whole,  peculiarly  well  defined. 
As  an  estuary  or  fresh-water  deposit,  many  of  the  beds  contain 
shells  of  anthracosiaf  modiola,  &c.  (the  "mussel-bands,"  or 
"mussel-binds,"  of  the  miner),  fishes,  and  other  brackish- 
water  exuviae.  A  few  encrinites  and  deep-sea  brachiopods 
appear  in  certain  exceptional  beds  of  limestone,  but  otherwise 
marine  types  are  subordinated,  and  estuary  ones  prevail. 
The  fishes  are  chiefly  of  large  size,  and  of  sauroid  character 
{TnegalichthySy  rhizodus) ;  and  in  several  fields — Germany,  Bel- 
gium, Nova  Scotia,  Pennsylvania,  and  Britain — we  have  evi- 
dence of  terrestrial  life  in  the  skeletons  of  certain  batrachian- 
like  reptiles  {archcegosaurus^  ancient  land-lizard),  dendrerpeton 
(tree-lizard),  parahatrachus  (frog-like  reptile),  haphetes  rani- 
ceps,  and  hylonomus^  as  well  as  reptilian  footprints  (known  by 
the  names  of  batrachopus  and  sauropus).  In  these  early  rep- 
tiles— in  the  persistence  of  their  dorsal  chord,  their  gill-arches, 
their  large  median  and  lateral  throat-plates,  and  ot£ftx  \|S&^Yafc 
characters — Professor  Owen  traces  a  "  linking  aTv^\>Vetv^\s\^^ 
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of  the  two  coldblooded  vertebrate  groups,  arc}uxgo»aunu 
conducting,  as  it  were,  from  the  fiah  proper  to  those  labyria- 
thodont  reptiles  that  come  boldly  into  force  in  the  Fennian 


and  Triassic  eras.  More  recently  land-shells  {jni-pa),  asd  re- 
mains of  numerous  insects  have  been  found,  belonging  appa- 
rently to  the  myriapods  (xylobiut),  the  beetles  {scarahceus),  the 
cockroaches  (blattina),  the  grasshoppers,  {gryllacria),  the  butter- 
flies {tiriea),  the  spiders  {eophrynnn),  and  the  ecoipiona  {eoteor- 
pins).  With  such  a  flush  of  vegetation  this  is  only  what 
might  have  been  expected ;  and  instead  of  looking  on  the  coal- 
forests  as  sombre  and  dreary  wildernesses,  we  can  now  re- 
gard their  sunny  glades  as  enlivened  by  the  hum,  and  flutter, 
and  brilliancy  of  countless  insects. 

220.  The  grand  feature  of  the  period,  however,  ia  the 
abundant  and  gigantic  flora,  comprising  hundreds  of  forms 
which  have  now  only  distant  representatives  iu  tropical 
swamps  and  jungles,     Araucarian-like  pines,  palms,*  tree- 

•  It  has  been  recently  queationed,  and  apparently  on  good  gronnda, 
whetlier  we  have  certain  evidence  of  the  existence  or  pahna  during  the 
CarboDlferonB  epoch  I  The  three-comered  fniita  [trig/mocarpum,),  tbnneil; 
enpposed  to  be  those  of  palms,  are  now  regaided  as  those  of  coniferons 
plants,  which,  like  the  ben?  of  the  juniper,  was  enclosed  in  s  Reshy  enre- 
lope ;  while  the  broad  flabellifoTm  oi  f&a-shaped  learea  (Noeggeraihia)  an 
slso  considered  coniferous  and  altin  to  \:^«  Bca\,vD%  vi^iati^JtfaL  Saliabnila. 
The  so^caUed  palm-stems  havaa\wa3s\>eeii'Vui\4B»4ji**S!i. 
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ferna,  gigantic  reeda,  equiaetums,  dub-moeses,  and  other 
kindred  forms,  crowd  every  bed  o[  shale,  enter  iato  many 
of  the  sandstones,  and  constitute  thick  seams  of  coaL     Of 


the    more    diaracteristic    of   these    forms  we    may   notice 
tlie  sigiUaria   (tipillum,   a  seal),   so   called  from   the  seal- 


>  impressions  on  ito  fluted  trunk ;  the  rtigwaria  Vjtignnwin_w 
puacture),  from  the  dotted  or  punctured  a'epea»."cv<»  "A  S*" 
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bark,  and  now  aacertained  to  be  the  roots  of  aigillaria;  the 
lepidodendron  (lepi*,  a  scale,  and  dendron,  tree),  from  the 
scaly  exterior  of  its  bark ;  Upidoetrobw  (Mrobiliu,  a  cone), 
supposed  to  be  the  frait-cone  of  the  lepidodendron;  lepido- 
phyUum,  the  leaf  of  the  same ;  calamitet  (calamus,  a  reed), 
from  the  reed-like  jointings  of  its  stem ;  hTfpuritei,  from  ita 
resemblance  to  the  existing  mare's-tail  of  our  ditches ;  aittrti- 
phyllitea  (aetron,  a  star,  and  phyllon,  a  leaf),  from  the  star-like 
whorls  of  its  leaves;  pinites,  from  their  pine-like  affinities: 
antholites  {atithoi,  a  flower),  fossil  flowers,  thus  indicating  the 
existence  of  phanerogamous  or  flowering  plants ;  carpoliiha 
(carpoTi,  fruit),  fossil  fruits ;  trigonocarpon  (three-cornered 
fruit);  bothrodendron  (pitted  stem),  from  the  large  circular 
cone-scars  arranged  on  either  side  the  trunk ;  vlodendroit, 
ttembergia,  laiorria,  favularia,  halonia,  and  many  other  stems, 


leaves,  and  fruits.  In  fact,  the  majority  of  these  vegetable 
organisms  are  named  from  some  peci^iarity  of  form,  die 
ablest  botanists  being  yet  anable  to  assign  them  a  place 
among  existing  genera.  Nor  is  this  defect  to  be  altogether 
wondered  at,  considering  the  difGcutties  attending  the  clasai- 
iication  of  living  forms  of  v^etation,  and  the  donbts  th&t 
must  necessarily  hang  over  such  obscure  and  imperfect  frag- 
ments as  present  themselves  to  the  palseophytolt^et.  Stilli 
the  state  of  fossil  Botany  is  by  no  means  creditable  to  the 
science  of  the  age,  and  \a^  f u  bduud  its  sister  department 


of  FosbH  Zoologf.  Of  Hhe  f cm-like  i]iipR6sioii»--«>  alNUidauat 
in  tlie  dnlo^  and  vUch  moat  meet  tl^  leye  of  tlie  student  in 
ahnoet  ewerj  fragment  he  ^ilits — the  following  may  be  taken 
•8  typical  f onoB :  ^pitmopterU,  or  vedge^f i»n  (^|Q^(tfa»  a  iredge« 
and  pieru,  a  fern),  from  the  wedge^shi^  of  its  leaves; 
peoopieris,  or  eomMem  (peeo^  a  comb);  meuropteris,  or  nerre- 
fern ;  cydopUru  (hfkio^  a  drde),  or  lonnd  f em ;  ijdtmiepifrit^ 
or  tootb-fem;  ciopimSf  or  ear^em;  and  ao  on  with  many 
others — snch  being  named  according  to  some  obxions  feature 
in  its  form  or  structure. 

221.  Whatever  the  botanical  families  to  which  these  extinct 
v^etables  belong,  they  now  for  the  most  part  constitute  soUd 
seams  of  coal— coal  being  a  mass  of  compressed,  altered,  and 
mineralised  v^etation,  just  as  sandstone  is  consolidated  sand, 
or  shale  consoUdated  mud.  By  what  chemical  processes  this 
change  has  been  brought  about,  we  need  not  minutely  in- 
quire ;  but  we  see  in  peat  and  in  lignite  the  progressive  steps 
to  such  a  mineralisation;  and  when  thin  slices  of  coal  are 
subjected  to  the  microscope  (as  was  originally  done  by  Witham 
and  Nicol,  and  more  recently  by  other  observers),  its  organic 
structure  is  occasionally  as  distinctly  displayed  as  the  cells 
and  fibres  in  a  piece  of  timber.  Of  the  amount  of  vegetation 
required  to  form  not  only  one  seam,  but  forty  or  fifty  seaius, 
which  often  succeed  each  other  in  coal-fields,  we  can  form  no 
adequate  conception,  any  more  than  we  can  calculate  the 
time  required  for  their  growth  and  consolidation.  This  only 
we  know,  as  will  be  more  fully  adverted  to  in  the  Eecapitula- 
tion,  that  conditions  of  soil  and  moisture  and  climate  must 
have  been  exceedingly  favourable ;  that  over  a  larce  portion 
of  the  globe  such  conditions  then  prevailed ;  and  tnat  partly 
by  the  drift  of  gigantic  rivers,  and  partly  by  the  successive 
submergences  of  forests,  marine  jungles,  and  peat -swamps, 
the  vegetable  matter  was  accumulated  which  now  constitutes 
our  valuable  seams  of  coal. 


Geographical  and  Physical  Aspects. 

222.  The  geographical  area  occupied  by  the  Carboniferous 
sjrstem,  in  one  or  other  of  its  groups,  is  pretty  extensive,  though 
our  workable  coal-fields  are  for  the  most  part  found  in  limited 
and  detached  "  basins."  The  system  is  very  typicalljr  developed 
in  various  parts  of  the  British  Islands,  and  to  this  circumstance 
is  mainly  owing  our  greatness  as  a  nation — ^tlie  ioim^\K.QtL\^^\Xi% 

B 
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ricli  in  coal,  iron,  and  lime,  three  mineral  products  most  essen- 
tial to  civilised  existence.     Available  cosd-fields  occur  in  the 
central  counties  of  Scotland,  in  the  northern  and  middle  dis- 
tricts of  England,  in  Wales,  and  in  Ireland ;  they  occur  also 
in  some  districts  of  Spain,  in  central  France,  Belgium,  Ger- 
many, Eussia,  Hungary,  and  other  districts  of  middle  Europe ; 
in  Hindostan  and  Australia ;  in  Southern  Brazil ;  in  Melville 
Island  and  Nova  Scotia ;  and  covering  an  aggregate  area  of 
more   than  600,000  square  miles   in   the  United    States  of 
America.     It  must  be  observed  that  we  here  speak  of  the  old 
or  PcUceozoic  coal-fields^  and  not  of  available  coal-fields  which  be- 
long to  the  oolite  and  other  later  formations.     It  is  a  common 
but  mistaken  notion,  that  all  the  bituminous  coals  belong  to 
one  great  period  or  formation  ;  whereas  coal  is  a  product  of  all 
periods,  and  thus  many  fields  now  assigned  to  the  carbonifer- 
ous era  will  yet  be  found  to  be  exclusively  of  oolitic  and  even 
of  later  epochs.      The  coals  of  Southern  India,  of  Borneo, 
Labuan,  Zebu  in  the  Philippine  Islands,  &c.,  are  now  ascer- 
tained to  be  of  oolitic  age  ;  to  which  epoch  also  it  is  suspected 
that  most  of  those  found  in  China  and  Japan  belong,  as  well 
as  that  of  Virginia  in  America  and  other  localities.     The  coals 
of  Cluli  and  Panama,  of  Vancouver  Island  and  the  Saskat- 
chewan prairies,  are  said  to  be  of  cretaceous  age ;  while  those 
of  New  Zealand  and  the  islands  of  the  Pacific  appear  to  be 
tertiary,  like  the  lignites  of  Gennany,  though  local  conditions 
of  deposit  may  have  rendered  them  more  bituminous  than  o^ 
dinary  lignite.     The  coals  of  Austria  and  Hungary  are  partly 
palaeozoic,  partly  secondary,  and  partly  tertiary — ^the  former 
in  seams  often  of  great  thickness  (according  to  Ansted,  60  feet 
in  the  Zsil  Valley),  and  the  latter  also  of  considerable  thick- 
ness, but  irregular  in  deposit,  and  crumbling  to  powder  on  ex- 
posure to  the  weather.     According  to  Dr  Hooker,  coal  occurs 
in  the  Khasia  Mountains,  Bengal,  associated  with  sandstones 
and  nummulitic  limestones  (tertiary) ;  and  Trouson  describes 
the  coal  obtained  from  the  eastern  coast  of  Yezo  (Japan)  as 
exhibiting  ligneous  structure,  and  of  recent  formation.    In 
fact,  there  are  few  subjects  so  much  requiring  a  competent  re- 
vision as  the  reputed  "  coal-fields  "  of  distant  countries,  which 
evidently  belong  to  different  ages — ranging,  as  we  have  al- 
ready said,  from  Palaeozoic  to  Cainozoic  eras. 

223.  During  the  whole  of  the  carboniferous  epoch  we  have 
ample  evidence  of  igneous  activity,  which,  in  some  measure, 
may  account  for  the  frequent  subsidences  and  re-elevations  to 
which  the  land  of  the  period  'waa  subjected.     In  the  lower 
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Coal-measures  we  have  frequent  interstratifications  of  trap-tuff 
and  ash,  and  these  become  more  abundant  in  connection  with 
the  moimtain  limestone.  Subsequent  to  the  deposition  of  the 
system,  it  seems  to  have  been  shattered  and  broken  up  by  those 
forces  which  elevated  the  trap-hills  of  the  moimtain  limestone, 
and  gave  birth  to  the  numerous  basaltic  crags  and  conical 
heights  of  our  coal-fields.  The  trap-rocks  consist  chiefly  of 
basalts,  greenstone,  clinkstones,  f  elstones,  trap-breccias,  trap- 
tu£&,  and  earthy  amygdaloids.  The  upheavals  and  conviiL- 
sions  of  the  period  have  greatly  dislocated  the  strata,  and 
most  of  our  coal-fields  exhibit  trap-dykes,  faults,  and  fissures 
in  great  complexity  and  abundance,  as  well  as  shales  converted 
into  porcelain-jasper,  sandstones  rendered  silicious  and  jaspid- 
eous,  and  coals  frequently  converted  into  anthracite  or  burnt 
to  a  sooty  and  cindery-like  mass.  To  this  intensity  of  igne- 
ous action  must  also  be  attributed  the  fact  that  many  of  the 
coal-traps  contain  a  notable  percentage  of  bituminous  matter, 
yielding  to  analysis  from  .5  to  3  and  5  per  cent.  Not  only  do 
many  of  them  retain  portions  of  the  bitumen  caught  up  dur- 
ing their  original  fusion,  as  at  Blebo  in  Fife,  but  in  their 
chinks  and  fissures,  as  well  as  in  the  strata  through  which  they 
pass,  do  we  find  nests  of  pitch  and  asphalt,  while  petroleum 
springs  are  not  unfrequent  in  the  more  disturbed  districts  of 
our  coal-fields  (Derby,  Gloucester,  and  Mid-Lothian).  If  we 
except  the  hills  of  the  mountain  limestone,  some  of  the  bas- 
altic crags  and  cones,  and  now  and  then  a  glen  of  erosion  cut 
through  the  softer  strata  of  the  system,  the  scenery  of  coal 
districts  is  on  the  whole  rather  tame  and  unpicturesque.  The 
soil,  too,  in  general  derived  from  the  shales  and  clays  beneath 
or  from  the  boulder-clay  which  largely  masks  the  system,  is 
often  cold  and  retentive,  and  requires  all  the  skill  and  appli- 
ances of  modem  agriculture  to  render  it  moderately  fertile. 
These  drawbacks,  however,  are  more  than  compensated  for  by 
the  value  of  the  mineral  treasures  beneath. 


Industrial  Products. 

224.  The  industrial  importance  of  the  Carboniferous  system 
can  only  be  adequately  appreciated  in  a  country  like  Britain, 
which  owes  mainly  to  it  the  proud  mechanical  and  manufac- 
turing position  she  now  enjoys.  Building-stone  of  the  finest 
quality  is  obtained  from  the  sandstones  of  the  krwet  ^xo\Sl^'& 
(Edinburgh,  Fife,   Glasgow,  and  Newcastle)  *,  Umestoivea  lort 
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mortar,  hydraulic  cement,  iron-smelting,  agricultural  and  other 
purposes,  are  quarried  from  the  middle  group ;  and  marbles 
of  not  indiflferent  beauty  (Derbyshire,  Yorksliire,  Kilkenny, 
&c.)  are  "derived  from  the  same  set  of  strata — ^the  joints  and 
stalks  of  encrinites,  the  star-like  pores  of  the  corals,  and  sec- 
tions of  shells,  shining  out  from  the  darker  matrix  in  which 
they  are  embedded.     Ironstone^  both  blackband  and  clay-car- 
bonate, is  mined  in  almost  every  coal-field,  and  constitutes  a 
large  proportion  of  the  supply  in  Great  Britain ;  fire-day  for 
bricks,  tiles,  drainage-pipes,  retorts,  and  other  uses,  is  exten- 
sively raised  from  many  coal-workings ;  gannister^  a  compact 
silicious  rock,  used  as  a  fire-resister  in  furnaces  and  in  the  for- 
mation of  fire-bricks  of  a  superior  quality ;  ochre  (hydrated 
oxide  of  iron)  is  obtained  in  several  localities ;  alum  is  largely 
prepared  from  some  of  the  shales,  as  near  Glasgow  and  in 
Germany ;  and  copperas  or  green  sulphate  of  iron  is  manufac- 
tured from  similar  pyritous  clay-shales.     Our  sole  supply  of 
coal  in  this  countjiy  (amounting  to  130,000,000  tons  annu- 
ally for  domestic,  nianufacturing,  and  export  purposes)  is  pro- 
cured from  this  system,  which,  if  we  except  a  few  oolitic  and 
cretaceous  coal-fields  and  tertiary  lignites,  is  also  the  main  re- 
pository of  this  valuable  mineral  in  other  regions  of  the  globe. 
Petroleum  and  asphalt  are  also  products  of  the  system,  though 
substances  of  this  nature  (naphtha,  paraffin,  paraffin-oil,  <fec.) 
are  obtained  chiefly  by  distiUation  of  one  or  other  of  the  vari- 
eties of  coal,  or  more  recently,  and  on  a  large  scale,  from  the 
hUuminwus  shales  of  the  system.     The  mountain  limestone  is 
also  in  this  country  the  chief  repository  of  the  ores  of  Uaii 
dnCy  and  antimony,  and  much  of  this  lead-ore  contains  an 
available  percentage  of  silver.     On  the  whole,  the  Carbonifer- 
ous system  is  decidedly  the  most  valuable  and  most  import- 
ant to  man ;  and  when  we  name  the  principal  coal-fields  of 
Britain,  we  point  at  the  same  time  to  the  busiest  centres  of 
our  manufacturing  and  mechanical  industry. 

[As  bituminous  ihaZes  are  now  so  extensively  mined  for  the  distillation 
of  paraffin,  it  may  be  of  use  to  advert  to  some  distinctions  that  subsist  be- 
tween them  and  the  coals  properly  so  called.  A  coai,  though  often  con- 
taining a  considerable  amount  of  earthy  impurity,  consists  chiefly  of  vege- 
table matter— or,  in  other  words,  carbon  is  its  prevailing  ingredient  Whew 
the  earthy  or  mineral  ingredient  greatly  exceeds  the  organic,  it  becomes 
unfitted  for  combustion,  and  is  regarded  merely  as  a  carbonaceous  stoM,  of 
which  clay,  sand,  and  the  like,  form  the  main  proportion.  The  term^'^ 
on  the  other  hand,  refers  to  structure  rather  than  to  composition,  and  is 
something  that  splita  up  or  peds  off  in  \^i[mv.\«^^T&  ox  laminsB,    Most  con- 
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solidated  muds  are  characterised  by  this  quality  of  splitting  or  breaking  up 
in  thin  leafy  layers  parallel  to  their  bedding ;  hence  shales  maybe  regarded 
as  consolidated  mnds,  and  may  be  distingaished  as  calcareous,  arenaceous, 
oi*  bituminous,  according  to  their  predominating  ingredient.  Bituminous 
shales,  therefore,  have  been  mere  vegetable  muds  (the  muds  of  estuaries 
and  sea-reaches  rich  in  drifted  and  macerated  vegetation),  their  richness, 
like  those  of  the  coals,  depending  upon  the  amount  of  organic  matter  and 
the  conditions  under  which  it  was  preserved.  Some  shales  may  be  as  bitu- 
minous as  some  poor  varieties  of  coal,  but  this  does  not  entitle  them  to  be 
ranked  as  coals,  any  more  than  an  excess  of  earthy  matter  in  a  hard  stony 
coal  would  entitle  it  to  be  called  a  shale.  The  terms  refer  to  structure 
rather  than  to  composition ;  and  though  it  is  true  that  the  shaly  or  leafy 
structure  is  almost  invariably  characteristic  of  the  earthier  ingredient,  yet 
it  must  ever  be  borne  in  mind  that  both  shales  and  coals  are  mixed  rocks, 
and  that  not  unfrequently  the  one  may  pass  into  the  other  by  insensible 
gradations.] 


NOTE,   BBCAPITULATOEY  AND  EXPLANATOEY. 

225.  The  strata  we  have  now  described  constitute  a  well- 
marked  and  peculiar  system,  lying  between  the  Old  Red  Sand* 
stone  beneath,  and  the  New  Bed  Sandstone  above.  Their  most 
striking  peculiarity  is  the  profusion  of  fossil  vegetation,  which 
marks  less  or  more  almost  every  stratum,  and  which  in  numer- 
ous instances  forms  thick  seams  of  solid  coaL  It  is  to  this 
exuberance  of  vegetation  that  the  system  owes  its  name — 
carbon  being  the  main  solid  element  of  plants  and  coaL  Al- 
though this  coaly  or  carbonaceous  aspect  prevails  throughout 
the  whole,  it  has  been  found  convenient  to  arrange  the  system 
into  four  groups — ^the  Lower  Coal-measures  or  Carboniferous 
Slates,  the  Mountain  or  Carboniferous  Limestone,  the  Mill- 
stone Grit,  and  the  Upper  or  True  Coal-measures : — 

1.  Upper  Coal-measures ; 

2.  Millstone  Grit ; 

3.  Mountain  Limestone ;  and 

4.  Lower  Coal-measures. 

Other  subdivisions  have  been  attempted  according  to  the  local 
peculiarities  of  different  coal-fields ;  but  it  is  enough  for  the 
purposes  of  the  general  student  to  know  that  all  these  minor 
arrangements  can  be  readily  co-ordinated  with  one  or  other  of 
the  above  four  series.  Thus  Sir  K.  Griffiths,  in  his  *  Geologi- 
cal Map  of  Ireland,*  gives  the  annexed  subdivisions : — 

a.  Coal-measures,  upper  and  lower,  .  .        1000  to  2200  \^^\i« 

h.  Millstone  Grit,      ....  350  „  i^oo   ^, 
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c.  Mountain  Limestone,  upper,  middle,  and 

lower,      .....        1200  to  6400  feet. 

d.  Carboniferous  Slate,         .  .  .  700  „  1200    ,, 

e.  Yellow  Sandstones  (of  Mayo,  &c.),  witli 

shales  and  limestones,    .  .  .         400  „  2000   „  ' 

Now  here  there  is  this  little  difficulty  in  co-ordinating,  as  we 
have  first  the  usual  members  of  the  system,  a,  h,  c,  and  dj  and 
subjacent  series,  which  lies  fairly  open  to  the  question  whether 
it  is  Upper  Devonian  or  Carboniferous.  In  the  meantime,  the 
majority  of  evidence  inclines  to  the  former  opinion ;  and  that 
the  so-called  "  yellow  beds "  are  the  true  equivalents  of  the 
Dura  Den  series,  which  is  rich  in  holoptt/chius,  pterichthySy  and 
other  Old  Bed  fossils.  Again,  the  Carboniferous  strata  of  the 
south  of  England  (on  the  Avon,  near  Bristol)  are  given  in  the 
*  Geological  Survey's  Memoirs  *  as  consisting  of — 

a.  Millstone  Grit — ^here  mostly  a  hard  reddish  grit- 
stone, the  grains  often  almost  confluent,  as  in  what 
are  called  quartzites  and  quartz-rocks,        .  .     950  feet. 

h.  Alternations  of  Limestone,  red  or  grey,  compact  or 
granular,  with  shales,  red,  dark,  or  grey,  and  sand- 
stones. Most  of  the  strata  fossiliferous,  and  Pro- 
ducta  gigantea  abundant  near  the  base,         •        .    400   „ 

c.  Scar  Limestones  —  grey,  reddish,  mottled,  brown, 

and  black ;  compact,  shelly,  crinoidal,  and  oolitic, 
in  beds  varying  in  thickness,  and  partially  divided 
by  shales,      ......  1440   „ 

d.  Lower  series,  enclosing  many  alternations  of  lime- 

stones and  shales,  the  former  often  black,  brown, 
yellowish,   sometimes  impure,   and    in  one  part 
charged  with  fish-remains  and  cyprides  in  abun- 
dance,  ......     500   „ 

*^*  The  upper  part  of  the  Old  Red  shows  yellow  and  grey  sandstones 
and  marls. 

In  this  case  there  can  be  no  difficulty  in  at  once  assigning  h 
and  c  to  the  great  series  of  the  Moimtain  Limestone ;  while  d 
is  evidently  the  equivalent  of  the  "  Lower  Coal-Measures  "  of 
Scotland,  with  a  few  of  its  beds  graduating,  it  may  be,  into 
the  yellow  sandstones  of  the  underlying  Devonian.  In  Fife- 
shire,  on  the  other  hand,  we  have — 

a.  True  Coal-measures — consisting  of  numerous  alter- 
nations of  coals,  shales,  fire-clays,  sandstones,  iron- 
stones, and  occasional  beds  of  impure  limestone,  .  3000  feet 

h.  Several  strata  of  crinoidal  and  productus  limestone, 
with  intervening  beds  of  shale,  sandstones,  and  thin 
seams  of  coal,  .  .  ...  .    z^30  „ 
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c.  A  vast  thickness  of  whitisli  fine-grained  sandstones, 
bituminous  shales,  a  few  thin  seams  of  coal,  mussel- 
bands  or  shell-limestone,  ironstones,  and  fresh-water 
limestones  abounding  in  cyprides,    .  •  .  2000  feet. 

In  this  instance  there  is  no  development  of  millstone  grit — 
the  whole  system  resolving  itself,  as  it  does  in  many  other 
regions,  into  Upper  Coal,  Mountain  Limestone,  and  Lower 
CoaL  In  Nova  Scotia,  again,  we  have  in  the  lower  series  a 
vast  development  of  gypseous  beds,  which  look  somewhat 
puzzling  at  first  sight  to  an  English  geologist,  but  which, 
when  taken  in  connection  with  the  associated  shales  and  coals 
and  fossils,  admit  of  easy  co-ordination  on  the  large  scale  with 
the  main  subdivisions  established  by  British  geology.  How 
far  these  subdivisions  may  indicate  separate  life-periods,  or 
only  portions  of  one  great  epoch,  has  yet  to  be  determined  by 
a  more  minute  and  rigorous  comparison  both  of  vegetable  and 
animal  species — a  task  that  has  hitherto  been  neglected  for 
the  lighter  labour  of  popular  description  and  attractive  gener- 
alisation. 

226.  Looking,  in  the  meantime,  at  the  whole  succession  and 
alternations  of  the  strata — ^the  sandstones,  clays,  shales,  lime- 
stones, ironstones,  and  coal — ^and  noting  their  peculiar  fossils 
— the  estuary  character  of  the  shells  and  fishes  of  the  lower 
and  upper  groups,  and  the  marine  character  of  the  corals,  en- 
crinites,  shells,  and  fishes  of  the  middle  group,  with  an  excess 
of  terrestrial  vegetation  throughout — we  are  reminded  of  con- 
ditions never  before  or  since  exhibited  on  our  globe.  The 
frequent  alternations  of  strata,  and  the  great  extent  of  our 
coal-fields,  indicate  the  existence  of  vast  estuaries  and  inland 
seas,  of  gigantic  rivers  and  periodical  inundations ;  the  numer- 
ous coal-seams  and  bituminous  shales  clearly  bespeak  condi- 
tions of  soil,  moisture,  and  warmth  favourable  to  an  exuber- 
ant vegetation,  and  point  partly  to  vegetable  drift,  and  partly 
to  submerged  forests,  to  peat-swamps  and  estuarine  jungles ; 
the  mountain  limestone,  with  its  marine  remains,  reminds  us 
of  low  tropical  islands  fringed  with  coral-reefs,  and  lagoons 
thronged  with  shell-fish  and  fishes ;  the  existence  of  reptiles 
and  insects  tells  us  of  air,  and  sunlight,  and  river-banks ;  the 
vast  geographical  extent  of  the  system  bears  evidence  of  a 
more  equable  climate  over  a  large  portion  of  the  earth's  sur- 
face ;  while  the  interstratified  trap-tuffs,  the  basaltic  outbursts, 
and  the  numerous  faults  and  fissures,  testify  to  a  period  of  in- 
tense igneous  activity — ^to  repeated  upheavals  of  &^«.-\iQ.\*WccL 
and  submergences  of  dry  land.    All  tb^  is  &o  c\^t\^  m<^<iaXK^ 


264  CABBONIFEBOUS  SYSTEM. 

to  the  investigator  of  the  Carboniferous  system,  that  he  feels 
as  convinced  of  their  occurrence  as  if  he  had  stood  on  the 
river-bank  of  the  period,  and  seen  the  muddy  current  roll 
down  its  burden  of  vegetable  drift ;  threaded  the  channels  of 
the  estuary,  gloomy  with  the  gigantic  growth  of  swamp  and 
jungle ;  or  sailed  over  the  shsdlow  waters  of  its  archipelago, 
studded  with  reef-fringed  volcanic  islands,  and  dipped  his  oar 
into  the  forests  of  encrinites  that  waved  below. 

[Epitomising  the  Life  of  the  Period — vegetable  and  animal — ^we  are  pre- 
sented with  the  following  characteristic  forms : — 

1.  Flora: — Pucoidal  impressions;  Filicoida  —  Sphenopteris,  Pecopteris, 

Neuropteris,  Odontopteris,  &c.  ;  Equisetacem  (?)--Equi8etite8,  Hip- 
purites,  Calamites  ;  Asterophyllites  ;  Incertce  sedes — Stigmaria,  Sigil- 
laria,  Lepidodendron,  Ulodencb*onj  Bothrodendron,  Favularia,  Halonia, 
&c. ;  Antholites,  Carpolites  ;  Conyferai — Enorria,  Araucarites^  Pinites, 
Trigonocarpum,  Cardiocarpum. 

2.  Fauna  : — Protozoa — Foraminifera,  spongiform  bodies ;  AcUnozoa—Cj&- 

thophyllum,  Clisiophyllum,  Lithostrotion,  Syringopora,  &c. ;  Echino- 
dermata — Cyathocrinus,  Apiocrinus,  Pateriocrinus,  Woodocrinus,  &c ; 
Asterias ;  Palaechinos,  Archseocidaris  ;  Annelida — Serpulites,  Spiror- 
bis  ;  Crustacea — Trilobites ;  Cypris,  Cypridina ;  Dithyrocaris  ;  Euryp- 
terus,  Limuloides ;  Insecta — Blattina,  Gryllacris ;  Polyzoa — Fenestella, 
Ptilopora ;  Brachiopoda — Productus,  Spirifera,  Terebratula,  Lingola ; 
Conchifera — Avicula,  Aviculopecten,  Anthracosia,  Modiola;  Oustero- 
poda — Euomphalus,  Bellerophon,  Loxonema ;  Pteropoda — Conularia ; 
Cephalopoda — Nautilus,  Orthoceras,  Groniatites  ;  i^wAes— Palaeoniscus, 
Platysomus,  Megalichthys,  Rhizodus,  Pleuracanthus,  Gyracanthus, 
Ctenacanthus,  Psammodus,  Petalodus,  Cochliodus;  Amphibia — ^Para- 
batrachus,  Baphetes ;  Meptilia — ^Archegosaurus ;  Anthracosaums,  Den- 
drerpeton,  Ophioderpeton.] 

227.  The  geographical  conditions  under  which  the  system  was 
formed  are  not  more  wonderful,  however,  than  the  economical 
importance  of  its  products.  Building-stone,  limestone,  marble, 
fire-clay,  alum,  copperas,  lead,  zinc,  silver,  and,  above  all,  iron 
and  coal,  are  its  principal  treasures — conferring  new  wealth 
and  comfort  on  the  country  that  possesses  them,  and  giving 
a  fresh  and  permanent  impetus  to  its  industry  and  civilisation. 
Indeed  it  is  scarcely  advancing  too  much,  when  we  assert  that 
coal  and  iron  are  indispensable  to  the  development  and  pro- 
gress of  modem  civilisation  ;  and  that  reference  to  the  "  coal- 
fields "  of  a  geological  map  is  almost  tantamount  to  an  expres- 
sion of  population,  industry,  and  mechanical  achievement 
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Formation  of  CoaL 

228.    With  regard  to  the  formation  of  coal,  geologists  are  by 
no  means  fully  agreed,  nor  do  the  facts  of  the  science  yet  war- 
rant a  dogmatic  decision.    Some  thirty  or  forty  years  ago,  the 
subject  was  a  favourite  one  with  writers  on  geology,  the  most 
positive  views  being  generally  put  forward  by  those  who  had 
the  least  practical  acquaintance  with  the  subject.     On  exam- 
ining sandstone  and  shale,  it  is  easy  to  perceive,  from  their 
texture  and  composition,  that  they  must  at  one  time  have 
been  respectively  loose  sand  and  mud,  borne  down  by,  and 
deposited  from,  water;  but  the  case  ia  somewhat  different 
with  beds  of  coaL     This  mineral  being  chiefly  composed  of 
carbon,  hydrogen,  and  oxygen — the  same  elements  (though 
differing  in  proportion)  which  enter  into  the  composition  of 
plants — and  revealing  in  its  mass  evidence  of  vegetable  struc- 
ture, no  doubt  is  entertained   of  its  organic  origin.     But 
whether  the  plants  of  which  it  h  composed  were  drifted  down 
by  rivers,  and  deposited  along  with  layers  of  mud  and  sand  in 
estuaries,  or  whether  dense  forests  and  peat-mosses  were  sub- 
merged, and  then  overlaid  by  deposits  of  sand  and  mud,  are 
the  two  main  questions  at  issue.     According  to  the  latter 
hypothesis,  the  vegetable  matter  must  have  grown  and  ac- 
cumulated in  dense  jungles  and  peat-mosses  for  many  years ; 
then  the  land  must  have  sunk  and  become  the  basin  of  a  lake 
or  estuary,  into  which  rivers  carried  mud  and  sand ;  these, 
covering   the  vegetable  matter,  gradually  consolidated  into 
shales  and  sandstones,  while  the  vegetable  matter  itself  under- 
went the  process  of  bituminisation  and  mineralisation,  and 
was  converted  into  coaL    This  being  done,  or  while  in  process  of 
being  done,  it  is  supposed  that  the  area  of  deposit  was  again 
elevated,  or  at  least  so  far  silted  up  and  rendered  so  shallow  as 
to  become  once  more  the  scene  of  luxuriant  vegetation;  again 
submerged  in  the  process  of  gradual  subsidence,  and  over- 
laid by  new  deposits  of  sandstone  and  shale ;  once  more  shoaled 
and  covered  with  plants,  and  then  submerged ;  and  this  alter- 
nating process  of  submergence  and  shoaling  is  presumed  to 
have  taken  place  as  often  as  there  are  beds  of  coal  in  any  par- 
ticular coal-field.     The  other  hypothesis  is,  that  while  partial 
elevations  and  submersions  of  land  might  have  taken  place, 
as  at  the  present  day,  and  jungles,  pine-swamps,  and  peat- 
mosses been  thereby  thrown  beneath  the  waters,  the  ^Q;d.\> 
masses  of  the  Coal-measures  were  deposited  aa  drift  audi  silt  m 
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lakes  and  estuaries ;  that  the  vegetable  matter  of  which  coal 
is  composed  was  carried  into  these  estuaries  by  rivers  and  in- 
undations ;  and  that  various  rivers  might  discharge  themselves 
into  one  estuary — some  chiefly  canying  down  sand,  while 
others  transported  plants,  mud,  and  heterogeneous  debris. 
This  hypothesis  also  supposes  that  the  transporting  rivers  were 
subject  (like  the  Nile,  Niger,  Gkinges,  &c.)  to  periodical  inun- 
dations, and  that  during  the  intervals  of  overflow  the  deltas 
were  choked  with  a  rank  growth  of  vegetation,  which,  in  con- 
junction with  the  vegetable  drift  from  inland,  went  to  the 
formation  of  beds  of  coal. 

229.  Such  are  the  two  prevalent  hypotheses  that  have  been 
advanced  to  account  for  the  origin  of  coal,  and  which  are 
sometimes  known  as  the  "  terrestrial "  or  **  peat-moss  "  and 
"  drift "  theories.  Like  most  other  debated  points  in  science, 
the  disputants  have  carried  their  respective  notions  a  little  too 
far,  and  relied  too  exclusively  on  what  may  have  been  their 
own  local  and  limited  observations.  The  fact  is,  there  is  troth 
in  both,  and  both  must  be  called  into  play  to  account  for  well- 
known  appearances  in  almost  every  coal-field.  In  inventing 
hypotheses,  our  first  appeal  should  be  to  existing  nature ;  and 
there  we  find  both  peat-moss,  and  forest,  and  jungle,  the  drift 
of  rivers,  and  the  silt  of  lakes  and  estuaries.  Submerged  peat- 
mosses, forests,  and  estuarine  jungle-growths  are  just  as  likely 
to  occur  in  the  course  of  nature's  operations,  as  the  drifted 
rafts  of  rivers,  or  the  periodical  inundations  of  tropical  deltas; 
and  it  is  only  by  calling  in  the  aid  of  both  hjrpotheses  that  we 
can  possibly  arrive  at  any  satisfactory  conclusion.  Belying  on 
the  former  theory  alone,  a  subsidence  and  shoaling  must  have 
taken  place  for  every  seam  of  coal ;  and  as  in  some  fields  as 
many  as  sixty  seams  occur,  varying  in  thickness  from  a  few 
inches  to  4,  6,  8,  ib,  12,  and  20  feet,  it  is  difficult  to  conceive 
the  repeated  re-establishment  and  growth  of  a  flora  under  con- 
ditions so  varying  and  imstable  as  these  oscillations  would 
necessarily  imply.  It  is  also  objected  to  this  theory,  that 
some  thick  beds  of  coal  are  subdivided  by  layers  or  "  partings" 
of  sandstone  or  shale — a  fact  that  would  imply  several  eleva- 
tions  and  submergences  during  the  formation  of  a  single  ooal- 
bed ;  whereas,  by  the  latter  hypothesis,  those  layers  of  sand- 
stone, &c.,  present  no  difficulty,  as  the  river,  while  it  bore 
down  vegetable  drift,  would  carry,  at  the  same  time,  sand  and 
other  debris.  Further,  shells,  fishes,  fin-spines,  and  coprohtes 
are  frequently  embedded  in  coal ;  and  it  is  difficult  to  conceive 
bow  these  could  have  got  Vkeie,  \x.tX<es&  ycl^Si^  otdinaiy  way  of 
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deposit  and  sediment.  Forests  of  coniferE  and  treo-fems 
could  not  have  been  so  frequently  and  tranquilly  submerged 
without  the  trunks  being  more  abundantly  found  in  an  upright 
and  growing  position — a  position  occurriug  only  in  certain 
strata,  and  over  comparatively  limited  areas.  Again,  had 
coal  resulted  solely  from  submerged  pine-awanips,  jungie- 
growths,  and  peat-mosses,  there  is  no  mode  of  accounting 
for  the  occurrence  of  shells,  fishes,  and  layers  of  sandstone 
ia  its  mass, 

230.  By  calling  in  the  aid  of  both  hypotheses,  all  theae 
difficulties  disappear ;  and  we  see  in  some  thick,  continuoua, 
and  pure  beds  of  coal  the  remains  of  submerged  peat-mosses 
and  forest-growths ;  in  others,  the  matted  masses  of  drift  and 
macerated  vegetation,  enclosing  shells  and  fish-bones ;  in  some, 
the  upright  trunks  and  accumulated  foliage  of  gigautic  forest^ 
with  their  "anderclaya  "  or  ancient  soils  on  which  they  floa- 
risbed;  while  beds  of  impure  coal  or  bituminous  shale  bespeak 
the  preponderance  of  muddy  silt  among  the  drifted  vegetation 
that  slowly  decayed  and  dropped  to  the  bottom  of  the  estuary 
of  deposit.  In  fine,  oo  one  can  look  at  the  frequent  alterna- 
tions of  coal,  ironstone,  limestone,  sandstone,  shell-limestone, 
fire-clay,  shale  so  argillaceous  as  to  be  little  else  than  consoli- 
dated mud,  and  shale  so  highly  bituminous  as  to  be  nearly 
as  inflammable  as  coal,  but  must  see  at  once  the  varying 
agencies  of  rivers,  lakes,  and  estuaries — of  inundations  and 
submergences — of  elevations  into  dry  forest  and  jungle  growth, 
and  anon,  and  for  ages,  depression,  in  proportion  to  the  thick- 
ness of  the  coal  strata,  beneath  the  waters  of  deposit.  We 
have  thus  a  variety  of  agencies  at  work,  but  agencies  which 
still  find  their  analogues  in  existing  nature ;  and  when  the 
student  is  reminded  of  the  rafts  of  the  Mississippi,  the  pine- 
barrens  and  cedar-swamps  of  America,  the  peat-mosses  and 
submerged  forest-growths  of  Europe,  the  matted  grasses  or 
mdd  of  the  Upper  Nile,  the  mangrove-jungles  of  the  Niger, 
the  low  shifting  mud-banks  and  islands  of  the  Ganges,  the  far- 
stretching  sandy  shores  of  Holland,  backed  by  their  extensive 
peat-marshes,  and  the  numerous  coral-reefs  and  lagoons  of  the 
South  Pacific,  he  can  have  little  difficulty  in  forming  some 
conception  of  the  shallow  seas,  estuaries,  and  submerged  areas 
in  which  the  sandstones,  shales,  shell-limestones,  and  coal-beds 
of  the  Carboniferous  system  were  deposited.  A  preponderance 
of  sandstones  or  other  arenaceons  deposits  bespeaks  shallow 
waters  and  exposed  shores  ;  of  shales  and  embedded  layera  of 
ironstone,  the  deeper  and  stiller  reaches  of  gigantic  estuaries; 
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of  limestones,  the  clearer  and  deeper  waters  of  the  outer 
ocean  ;  of  purer  coals  with  their  underclays,  terrestrial  forest- 
growths  ;  of  coals  enclosing  fish-remains,  macerated  vegetable 
mud  in  swamps ;  and  of  impure  coals,  accumulations  of  vege- 
table and  mineral  matter  by  the  drifts  of  rivers  and  the 
growth  of  deltic  jungles. 

231.  There  is  still  this  difficulty,  however,  and  one  which 
has  given  rise  to  a  vast  amoimt  of  ingenious  speculation  and 
improbable  hypothesis — viz.,  the  apparent  sameness  of  ex- 
ternal conditions  over  such  extensive  areas  of  the  earth  as  are 
occupied  by  our  known  coal-fields.  The  same  gigantic  conif- 
erous and  filicoid  plants  are  found  alike  in  the  coal-fields  of 
Britain,  America,  Melville  Island,  and  Australia — ^regions  at 
once  tropical,  temperate,  and  arctic.  To  account  for  this  lux- 
uriance and  homogeneity  of  vegetable  growtl^  the  greater 
effect  of  the  earth's  central  heat,  a  large  percentage  of  carbonic 
acid  in  the  atmosphere,  change  in  the  earth's  axis  of  rotation 
so  as  to  bring  the  coal-areas  within  the  influence  of  the  tropics, 
greater  eccentricity  of  the  earth's  orbit,  the  planetary  system 
moving  through  warmer  regions  of  space,  and  the  like,  have 
been  variously  suggested.  Before  having  recourse,  however, 
to  such  abnormal  conditions,  science  shoidd  first  exhaust  the 
causes  and  agencies  of  existing  nature,  and  know  something 
more  of  the  real  character  of  the  plants  whose  mass  has  con- 
tributed to  the  'formation  of  coal.  Gigantic  coniferae,  tree- 
ferns,  club-mosses,  reeds,  and  equisetums,  do  not  necessarily 
imply  tropical  conditions  of  temperature ;  the  climate  under 
which  the  lepidodendron,  sigillaria,  and  other  plants  of  un- 
known affinities  flourished,  seems  to  have  been  more  humid 
and  equable  than  tropical;  the  peat-mosses  of  Europe  aoQama* 
late  under  temperate  or  even  coldly-temperate  conditiOBB; 
and  physical  geography  has  not  yet  told,  with  anything  like 
certainty,  the  climatic  results  attending  different  distribuftioDfl 
of  sea  and  land,  with  lower  altitudes  of  islands  and  contincnia) 
and  different  oceanic  currents  concentrating  thereon  their  is* 
cessant  supplies  of  genial  heat  and  moisture.  Besides  atttbiS) 
we  have  coal-beds  in  other  formations — ^the  oolite,  wealden, 
chalk,  and  tertiary ;  and  if  we  are  to  go  in  search  of  abnormal 
conditions  for  the  production  of  the  one,  we  must  admit  the 
existence  of  similar  causes  for  the  production  of  the  other— 
an  admission,  as  we  shall  afterwards  see,  that  would  lead  to 
irreconcilable  absurdities.  The  fact  is,  coal  is  a  necessary  pro- 
duct of  every  period,  and  is  merely  the  mineralised  result  of 
vegetable  accumulation. — ^poValm^  tdithfit  to  immensity  of  time 
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and  peculiarity  of  external  conditions  than  to  rapidity  of 
growik  as  the  canees  of  that  accomulation     Again,  ve  have 


Tnt-lmx:  SIlUluU, 


BO  proof  that  the  coal-fields  of  Europe,  America,  «.i:^  k'a^ti&>> 
were  strictly  contemponuieoiis.     Tbot^li  C0Ti.luia&^  'Cii.e  «ao»> 
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generic  fossils,  vast  periods  may  have  elapsed  between  their 
respective  formations,  just  as  we  find  the  same  shells  now  liv- 
ing in  the  Greenland  seas  that  ages  ago  were  entombed  in  the 
"glacial"  silts  of  the  Clyde  and  other  estuaries.  Further, 
as  in  the  case  of  the  great  tertiary  elephants  and  rhinocerose^ 
of  northern  Europe,  whose  representative  species  are  now  fonnd 
only  in  the  tropics,  the  plants  of  the  Coal-measures,  though 
presenting  a  sub-tropical  f acies  of  growth,  may,  after  all,  have 
been  inhabitants  of  temperate  and  warm-temperate  climates- 
rooted  in  the  rich  organic  muds  of  swamps  and  inundated 
estuaries,  and  stimulated  by  the  moist  and  genial  atmosphere 
of  warmer  oceanic  currents.  Till  all  this  is  better  known— 
and  geologists  are  gradually  accumulating  facts  in  this  direc- 
tion— it  were  more  philosophical  merely  to  describe  and  chro- 
nicle the  phenomena,  than  to  outrage  the  laws  of  nature  by 
appeals  to  the  abnormal  and  marvellous. 

232.  The  limits  of  an  elementary  treatise  necessarily  re- 
strict our  remarks  to  the  more  prominent  features  of  the 
science ;  but  enough,  we  presume,  has  been  indicated  to  con- 
vince the  student  that,  whether  in  its  practical  or  theoretical 
bearings,  the  Carboniferous  system  is  one  of  the  most  interest- 
ing and  important.  To  those  who  wish  for  further  details,  we 
may  mention  the  instructive  monographs  which  have  appeared 
from  time  to  time  in  the  *  Reports  of  the  British  Association,' 
in  the  *  Memoirs  of  the  Geological  Survey,'  and  in  the  *  Records 
of  the  School  of  Mines ;  *  various  able  papers  on  local  coal- 
fields in  the  *  Transactions  of  the  Geological  Society,*  in  the 
'American  Journal  of  Science,'  the  *  Transactions  of  the  Royal 
Society  of  Edinburgh,'  and  of  the  *  Natural  History  Society  of 
Newcastle,'  as  well  as  several  prize  essays  of  merit  in  the 

*  Transactions  of  the  Highland  and  Agricultural  Society  of 
Scotland.'  For  the  flora  of  the  system,  the  works  of  Lindley 
and  Hutton,  Dr  Hooker  in  *  Memoirs  of  Geological  Survey,' 
A.  Brongniart,  Goppert,  Sternberg,  Endlicher,  Dunker  and 
V.  Meyer,  may  be  consulted  with  advantage ;  while  Sowerb/s 

*  Mineral  Conchology,'  Parkinson's  *  Organic  Remains,'  the 
'  Decades  of  the  Geological  Survey,*  the  monographs  of  the 
'  Palaeontographical  Society,'  Agassiz'  *  Fossil  Fishes,'  De  Kon- 
inck's  *  Fossil  Animals  of  the  Belgian  Coal-Fields,'  and  David- 
son's *  Monograph  of  the  Scottish  Carboniferous  Brachiopoda,' 
will  furnish  nearly  all  that  is  yet  known  of  the  fauna  of  the 
period.  Much  valuable  information  vrill  also  be  found  in 
TFiJJiams's  *  Mineral  Kingdom '  (a  work  of  some  date) ;  in  Daw- 


OP  FOEMATIOK. 


of  Coal ; '  in  Professor  Johnston  a  '  Economy  of  a  Coal-Field ; ' 
in  Fordyce's  recent  work  on  the  *  Coal,  Iron,  Coke,  and  Coal' 
Fields  of  Britain;'  in  Hull's  'Coal-Fields  of  Great  Britain;' 
the  'Report  of  tiie  Coal  CommlBsion,  1871;'  and  in  the  more 
popular  pages  of  the  little  work,  'Our  Coal-Fields  and  our 
Coal-Pits.' 
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XV. 


THE  PEKMIAN   SYSTEM: 

EMBRACING 1,   THE  LOWER  NEW  RED   SANDSTONE; 

AND,    2,    THE  MA6NESIAN  LIMESTONE. 

233.  Immediately  above  the  Coal-measures — ^in  some  in- 
stances lying  nnconformably,  and  in  others  insensibly  gradu- 
ating from  them — occurs  a  set  of  red  sandstones  and  pebbly 
conglomerates,  yellowish  magnesian  limestones,  and  variegated 
shales  and  marls,  enclosing  irregular  masses  of  rock-salt  and 
gypsum.  To  this  series  of  strata,  as  more  especially  developed 
in  England,  the  earlier  geologists  applied  the  term  New  Ed 
Sandstone^  in  contradistinction  to  the  Old  Bed  Sandstone 
system,  which  we  have  already  described  as  lying  beneath 
the  carboniferous  formation.  Though  the  sandstones  are  not 
all  red,  nor  the  limestones  the  only  magnesian  limestones  in 
the  crust  of  the  earth,  still  reddish  hues  prevail  throughout 
the  sandstones  and  shales  as  developed  in  the  British  Islands, 
and  the  calcareous  beds  are  certainly  more  eminently  mag- 
nesian than  any  others  with  which  we  are  acquainted ;  hence 
the  necessity  of  retaining,  less  or  more,  the  terms  "  new  red 
sandstone ''  and  ''  magnesian  limestone  "  in  the  nomendatnre 
of  geology.  At  one  time  the  terms  Poikilitic  (Gr.  poikilos, ' 
variegated)  and  ScdiferotLS  (salt-yielding)  were  applied  to  the 
system ;  but  the  fact  that  variegated  marls  abound  in  the 
Old  Bed,  and  that  salt  is  found  in  several  other  systems,  has 
rendered  these  designations  all  but  obsolete.  Later,  it  has 
been  found  necessary  to  divide  these  new  red  sandstones, 
magnesiaxi  limestones,  and  fiaiM€tow&  T&a.T\a  into  two  distinct 
systems,  the  Permian  and  \Xi©  TTxamc---^^\OTEDkKt  ^Ts&Raan^ 
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lie  lower  red  sandstones  and  magnesian  limestones — ^the  Dyas 
r  double  group  of  German  geologists,  and  the  Permian  of 
>ir  Roderick  Murchison  because  of  their  extensive  and  typical 
.evelopment  in  the  government  of  Perm,  in  Eussia;  and 
he  latter  comprising  the  upper  members,  known  in  Germany 
s  the  "Trias,"  or  triple  group.  The  reasons  for  this  new 
rrangement  are,  that  the  fossils  of  the  magnesian  limestone 
nd  lower  red  sandstones  seem  more  closely  allied  to  those  of 
[le  coal-measures  beneath,  than  to  those  of  the  variegated 
Bindstones  and  saliferous  marls  above — ^in  other  words,  pre- 
3nt  a  palceozoic  aspect ;  while  those  of  the  upper  sandstones 
nd  marls  are  decidedly  mesozoic.  Such  new  divisions  and 
rrangements  must  ever  be  expected  in  a  progressive  science 
ke  Geology,  and  more  especially  since,  by  associated  organic 
:)rms,  as  indicative  of  great  life-periods^  and  not  by  mere 
lineral  aggregations,  the  history  of  the  globe  is  to  be 
leasured  and  arranged. 

234.  To  render  the  new  arrangements  more  intelligible,  let 
s  suppose,  with  Professor  Phillips,  all  the  red  sandstones, 
larls,  and  magnesian  limestones,  hitherto  known  in  England 
3  "  The  New  Red  Sandstone,"  to  be  present  in  one  section, 
y'e  should  then  have,  reposing  unconformably  on  the  coal 
brata^  the  following  tabulation,  beginning  from  above : — 


rO 


4.  Series  of  col 
oared  marls. 


and    white 
stone. 


sand- 


Purple-coloui*ed  marls  below  the  Lias. 
Alternations  of  red  and  bluish-white  marls, 

with  layers  and  nodules  of  gypsum. 
Thin  layers  of  argillo-calcareous  stone. 
Red  and  bluish  marls,  with  gypsum  and  beds 

of  rock-salt. 

3.  Variegatedred     i  ^^  ^'^^  white  sandstone,  mostly  fine-grained, 

I      and  often  impregnated  with  salt. 
J  Red  conglomerate,  full  of  pebbles  of  older 
V     rocks. 

/  Red  and  white  marls. 
Thin-bedded  compact  limestone,  with  ver 

little  magnesia,  and  few  organic  remains. 
Red  and  white  marls  and  gypsum. 
I  White,  yellow,  or  reddish  magnesian  lime- 
stone in  thick  beds,  crystallised,  compact, 
or  earthy,  often  full  of  sparry  cavities,  and 
containing  marine  organic  remains. 
Marl  slate  in  thin  layers,  frequently  enclos- 
ing fishes. 
An  extremely  variable  series  of  sandstones, 
sands,  and  clays  of  various  c«\o\\i^,Yrc^^Q\«s 
thickness,  andmuch.\oca\^Net%\V3  ^t^^vK^^^- 
ter.    Plants  like  those  oi  \2bL<b  co«3L-Tafc^^a's*« 


2.  Magnesian 
limestone. 


I.  Yellow  or  pur 
pie  sand,  and  sand 
stone,  and  marl. 


S 
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From  the  preceding  tabulation,  \he  student  will  perceive  at  a 
glance  the  limits  of  the  Permian  and  Triassic  systems  (as 
developed  in  England),  which  we  shall  now  proceed  to  de- 
scribe as  distinct  and  independent  life-periods.  And,  first, 
of  the  Peemian,  a  designation  proposed  by  Sir  Boderick 
Murchison,  in  1841  (to  harmonise  with  his  Silurian,  Devonian, 
&c.),  from  the  Russian  government  of  Perm,  where  these 
strata  are  more  extensively  developed  than  elsewhere,  occu- 
pying an  area  twice  the  size  of  France,  and  containing  an 
abundant  and  varied  suit  of  organic  remains.  We  employ 
the  term  Permian  in  common  with  other  English  geologists, 
and  because  of  its  general  acceptance ;  though  we  believe  the 
term  Dyaa  (or  twofold  group)  was  earlier  in  use  by  German 
geologists,  and  invented  to  harmonise  with  their  term  Trm 
— their  Dyas  and  Trias  being  the  equivalents  of  our  Permian 
and  Triassic. 


Lithological  Composition. 

235.  The  Permian  system,  as  developed  in  England,  Ger- 
many, and  Bussia,  consists  essentially  of  reddish  and  occasion- 
ally whitish  quartzose  sandstones ;  of  reddish  and  variegated 
shales  (mottled,  purple,  yellow,  and  green) ;  of  yellowish  Ume- 
stones,  containing  a  notable  percentage  of  magnesia ;  and  of 
calcareous  or  marly  flagstones,  often  largely  impregnated  with 
copper-pyrites.  The  sandstones  are  generally  thick-bedded, 
sometimes  gritty,  occasionally  conglomerate,  or  rather  more 
pebbly  than  conglomerate ;  the  rolled  pebbles  being  scattered 
throughout  the  sandstone  strata,  and  seldom  in  vast  bouldeiy 
masses,  as  in  the  old  red  conglomerates.  The  shales  are 
usually  called  "marls,"  but  this  less  from  their  containing 
any  notable  quantity  of  lime,  than  from  their  occurring  in  a 
mottled,  friable,  and  non-laminated  state.  The  limestones  vary 
from  an  almost  pure  carbonate  of  lime  to  an  admixture  con- 
taining upwards  of  forty  per  cent  of  carbonate  of  magnesia 
— hence  called  "  magnesian  limestones."  Their  structure  is 
often  peculiar,  occurring  in  thick  compact  beds,  in  laminated 
beds,  in  strata  soft  and  earthy,  and  not  unfrequently  in  beds 
of  a  concretionary  texture.  The  concretions  are  often  of 
curious  shapes — spheroidal,  honeycombed,  coralloid  (or  mimetic 
of  coral-growths),  mammUlary  (or  pap-like),  and  botryoidal  (or 
in  clusters  like  a  bunch  of  grapes) — structures  which  are  very 
typically  exhibited  in  tTae  \m^a\^iiaa  oi  Svmderland  and  Dor- 
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ham.  In  the  same  county,  as  at  Marsden  on  the  sea-coast, 
the  beds  present,  in  limited  areas,  a  brecciated  appearance,  as 
if,  after  consolidation,  they  had  been  broken  by  faulting  and 
Assuring,  and  the  fragments  again  cemented  together  without 
order  or  arrangement  When  the  magnesian  limestone  assumes 
a  granular  and  crystalline  texture,  it  is  known  by  the  miner- 
alogical  name  of  dolomite,  after  the  French  geologist,  M.  Dol- 
omieu.  The  slaty  or  flaggy  beds  are  known  in  England  as 
"marl-slates;**  and  in  Germany,  where  they  are  largely  im- 
pregnated with  copper-pyrites,  as  "  keuper-marls  **  and  "kupfer- 
schiefer"  (copper-slate),  names  now  quite  familiar  to  British 
geologists.  Occasionally,  as  in  the  neighbourhood  of  Bristol, 
where  the  Permian  beds  rest  unconformably  on  those  of  the 
coal-measures,  we  have  a  "  dolomitic  conglomerate ;  **  that  is, 
a  conglomerate  or  breccia  made  up  of  the  fragments  of  the 
older  rocks,  and  cemented  together  by  a  basis  of  reddish  or 
yellow  magnesian  limestone.  "  This  conglomerate  or  breccia, 
for  the  embedded  fragments  are  sometimes  angular,  occurs  in 
patches  **  (we  quote  Sir  Charles  Lyell)  "  over  the  whole  of  the 
downs  near  Bristol,  filling  up  the  hollows  and  irregularities 
in  the  mountain  limestone,  and  being  principally  composed  at 
every  spot  of  the  debris  of  those  rocks  on  which  it  immedi- 
ately rests.  At  one  point  we  find  pieces  of  coal-shale,  in  an- 
other of  mountain  limestone,  recognisable  by  its  peculiar  shells 
and  zoophytes.  Fractured  bones,  also,  and  teeth  of  saurians, 
are  dispersed  through  some  parts  of  the  breccia."  In  Cum- 
berland and  Westmoreland,  associated  with  beds  of  gypsum 
(Kirkby  Thore),  occurs  a  peculiar  calcareous  breccia  known  as 
"  Brockram  **  or  "  Crab  Rock,**  which  seems  to  be  the  cemented 
fragments  of  a  terrestrial  talus  or  scree. 

236.  With  respect  to  the  order  of  succession  among  the 
strata,  the  Permian,  like  every  other  system,  presents  local 
differences  and  irregularities.  In  the  vast  and  undisturbed 
region  of  Central  Russia  it  consists  (according  to  Sir  R.  Mur- 
chison)  of  three  main  members,  which  may  be  arranged  in  de- 
scending order  thus  :— 

3.  Conglomerate  and  sandstone,  with  plants  and  fossil  reptiles. 

2.  Bed  sands,  with  copper  ore  and  many  plants. 

X.  Sandstones  and  grits  ;  limestones  in  various  courses,  with  character- 
istic fossils,  associated  with  marls  and  gypsum,  the  marls  occasion- 
ally containing  plants,  and  also  seams  of  impui-e  coal. 

In  the  north  of  England  (more  especially  in  I)\vx\i"a.TCL  ^tv^ 
Yorkshire),  it  is  composed  chiefly  of  red  aandatoii^  ^xA  ^cvlfca, 


Magnesian 


\. 
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of  magnesian  limestones  and  gypseous  marls,  and  of  laminated 
calcareous  flagstones.  The  succession  is  usually  tabulated  as 
follows : — 

(  Laminated  Limestone,  with  layers  of  coloured  marls,  as  at 
Knottingley,  Doncaster,  &c. 
Gypseous  Marls — Red,  bluish,  and  mottled. 
Magnesian  Limestone — ^Yellow  and  whitish ;    of  varions 
Limestone.  (      texture  and  structure ;  some  parts,  as  in  Durham,  curiously 
concretionary  and  crystalline,  in  others  soft  and  earthy, 
and  in  others  impregnated  with  bitumen. 
Marl  Slates — Laminated,  impure,  calcareous  flagstones  of 
soft  argillaceous  or  sandy  nature. 

I  Red  Sandstone,  with  red  and  purple  marls,  and  a  few  mica- 
ceous beds.  The  grits  are  sometimes  white  or  yellow,  and 
pebbly.  When  conformable,  this  sandstone  occasionally 
passes  into  the  coal-measures  on  which  it  rests. 

In  France,  Germany,  North  America,  and  other  tracts  where 
the  system  has  been  investigated,  some  of  these  members  are 
wanting,  while  others  are  more  fully  and  typically  developed. 
It  has  been  attempted  by  Professor  King  to  co-ordinate,  as  in 
the  subjoined  synopsis,  the  English  and  German  strata,  taking 
the  north  of  England  and  Thuringia  as  the  points  of  compari- 
son ;  but  the  student  should  'ever  remember  that,  curious  as 
such  resemblances  frequently  are,  it  is  by  general  types,  and 
not  by  any  conventional  arrangement  of  strata,  that  the  geolo- 
gist must  be  guided  in  his  deductions : — 


In  England. 
Laminated  limestones. 
Brecciated  limestone. 
Fossiliferous  limestone. 
Compact  limestone. 
Marl  slate. 
Red  sandstones  and  grits. 


In  Germany . 
Stinkstein. 
Rauchwack^. 

Dolomit ;  upper  zechstein. 
Zechstein  (mine-stone). 
Mergel-schiefer  and  kupfer-schiefer. 
Rothe-tode-liegende. 


237.  Taken  as  a  whole,  the  student  must  perceive  that  a 
great  difference  exists  between  the  red  sandstones,  magnesian 
limestones,  and  mottled  marls  of  the  Permian  strata,  and  the 
gritty  sandstones,  bituminous  shales,  and  coal-seams  of  the 
carboniferous  system.  It  is  true  that  in  some  localities  the 
lower  red  sandstones  show  traces  of  calamites,  ferns,  and  other 
coal-plants ;  but  such  graduations  between  systems  are  by  no 
means  uncommon,  and  the  transition  beds  ("  grey  beds  "  of 
the  coal-miner)  may  be  classed  with  either  system  without 
much  impropriety.     Aa  we  aaeeii^\iO>i)KL'^Tmatke  difference 
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becomes  still  more  perceptible ;  in  fact,  while  several  organic 
forms  are  common  to  the  Permian  and  coal-measures,  not  a 
few  of  the  Trias  are  identical  with  those  of  the  superincum- 
bent Lias.  It  was  this  passage  or  transition  from  one  great 
system  of  life  to  another,  that  induced  the  earlier  geologists  to 
classify  the  new  red  sandstone,  the  carboniferous  formation, 
and  the  old  red  sandstone.  Lower  or  Older  Secondaries,  and 
the  lias,  oolite,  and  chalk  as  the  Upper  or  Younger  Second- 
aries. Though  now  seldom  used,  these  distinctions  were  not 
without  their  significance,  and  graduaUy  led  the  way  to  the 
more  precise  arrangement  of  the  stratified  systems  into  Palaeo- 
zoic, Mesozoic,  andCainozoic.  Abiding  by  these  life-periods, 
the  Permian,  as  containing  fossils  less  or  more  allied  to  car- 
boniferous types,  takes  rank  as  Palceozoic;  while  the  Triassic, 
enclosing  fossils  less  or  more  allied  to  oolite  types,  takes  rank 
with  Mesozoic  systems,  as  already  indicated  in  the  tabular 
summary,  page  123,  to  which  the  student  is  here  requested 
to  refer. 

Geographical  and  Physical  Features. 

238.  The  geographical  area  over  which  rocks  of  the  Permian 
epoch  are  spread  is  by  no  means  well  defined.  All  the  red 
sediments  that  occur  above  the  coal  being  hitherto  regarded  as 
new  red  sandstone,  and  there  being  after  all  a  great  similarity, 
lithologicaDy  speaking,  between  the  whole  suite,  it  is  no  easy 
task,  unless  where  the  fossils  are  abundant  and  distinct,  to  lay 
down  the  exact  boundaries  of  the  Permian  and  Triassic.  In 
the  northern  and  midland  counties  of  England,  where  the 
magnesian  limestone  is  well  developed,  there  is  generally  little 
difficulty  in  deciding ;  but  in  the  western  and  southern  dis- 
tricts, as  well  as  in  the  south-west  of  Scotland  (Dumfriesshire, 
&c.),  and  over  certain  areas  in  North  America,  it  is  often  im- 
possible, in  the  absence  of  fossils,  to  say  what  is  Permian  and 
what  Triassic.  On  the  whole,  considerable  areas  of  England, 
of  Ireland,  of  France,  of  Germany,  and  America,  are  occupied 
by  undoubted  Permians,  while  almost  the  whole  of  eastern 
Bussia  is  one  imbroken  development  of  the  system, 

239.  The  igneous  rocks  associated  with  the  system  are  chiefly 
dykes  and  outbursts  of  basalt,  greenstone,  pitchstone,  and 
felstone  porphyry.  These  outbursts  seem  to  be  connected 
with  igneous  centres  situated  in  the  older  systems,  and  pass 
alike  through  the  old  red,  carboniferous,  and  new  ced  %'^^\i^T£L^. 
With  the  exception  oi  aome  tuf aceous  and  \>ieecSaX.e^  \^^i^ j^ 
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the  base  of  the  system,  there  appear  to  be  few  interstratifica- 
tions  of  igneous  matter ;  and,  on  the  whole,  the  Permian  era, 
within  the  area  of  Europe  at  least,  seems  to  have  been  one  of 
comparative  tranquillity.  Immediately  before  its  deposition, 
the  igneous  centres  of  the  coal-fields  were  in  a  state  of  intense 
activity ;  and  to  the  frequent  upheavals  and  submergences 
that  then  took  place  may  be  ascribed,  perhaps,  the  rapid  accu- 
mulation of  the  red  sediments  of  the  Permian  epoch.  At  all 
events,  we  have  comparative  paucity  both  of  animal  and  vege- 
table life ;  rivers  charged  with  ferruginous  waters ;  and  seas 
in  conditions  peculiarly  favourable  to  the  formation  of  saline, 
gypseous,  and  magnesian  sediments.  As  will  be  seen  in  the 
Recapitulation,  chemistry  has  not  yet  been  able  to  throw  much 
light  on  the  conditions  favouring  such  extensive  accumulations 
of  rock-salt,  gypsum,  and  magnesia ;  nor  are  geologists  at  all 
agreed  about  the  origin  of  the  breccias  and  conglomerates  that 
occur  in  the  system.  The  convulsive  movements  of  repeated 
earthquakes  have  been  called  in  to  account  for  the  fracturing 
and  reconsolidation  of  the  Tynemouth  brecciated  or  pseudo- 
brecciated  limestones;  so  also  have  peculiar  chemical  and 
physical  forces ;  and  recently  the  transport  by  ice,  and  the  ex- 
ternal conditions  of  an  arctic  climate,  have  been  suggested  by 
Professor  Ramsay  as  connected  with  the  accumulation  of  the 
Permian  breccia-conglomerates  of  Salop  and  Worcester. 

[Professor  Ramsay,  who  was  the  first  to  advocate,  in  a  decided  maimer^ 
the  glacial  origin  of  these  breccias,  founds  his  belief  on  the  following  evi- 
dences : — I.  The  great  size  of  many  of  the  fragments — the  largest  ob^rved 
weighing  (by  a  rough  estimate)  from  a  half  to  three-quarters  of  a  ton.  2. 
Their  forms.  Rounded  pebbles  are  exceedingly  rare.  They  are  angular 
or  sub-angular,  and  have  those  flattened  sides  so  peculiarly  characteristic 
of  many  glacier-fragments  in  existing  moraines,  and  also  of  many  of  the 
stones  of  the  pleistocene  drifts,  and  the  moraine  matter  of  the  Welsh, 
Highland,  Irish,  and  Vosges  glaciers.  3.  Many  of  them  are  highly  polished, 
and  others  are  grooved  and  finely  striated,  like  the  stones  of  existing  Alpine 
glaciers,  and  like  those  of  the  ancient  glaciers  of  the  Vosges,  Wales,  Ire- 
land, and  the  Highlands  of  Scotland ;  or  like  many  stones  in  the  pleistocene 
drifts.  4.  A  hardened  cementing  mass  of  red  marl,  in  which  the  stones 
are  very  thickly  scattered,  and  which  in  some  respects  may  be  compared 
to  a  red  boulder-clay,  in  so  far  that  both  contain  angular,  flat-sided,  and 
striated  stones,  such  as  form  the  breccias  wherever  they  occur. — Jwrml 
of  Geological  Society,  vol.  xi.] 

240.  The  physical  geography  of  Permian  districts,  though 

devoid  in  a  great  measure  of  those  eruptive  undulations  and 

eminences  which  give  character  to  the  scenery  of  the  mountain 

limestone  and  old  red  sandstoiie,  \a  \>^  x^a  Tc^sMia  destitute  of 
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beauty  and  variety.  The  soft  mark  and  partially  consolidated 
sandstones  admit  of  easy  erosion  by  streams  aad  rivulets,  and 
tbus  we  have  a  saccession  of  gentle  slopes  and  rounded  emi- 
nences, which  produce  a  pleasing,  if  not  a  picturesque  land- 
scape. Unless  immediately  over  the  magoesian  limestone,  the 
soil  of  Permian  districts  is  generally  a,  red  clayey  loam,  better 
adapted  for  pasture  and  woodland  than  for  the  rotation  of 
mixed  husbandry.  In  England,  the  eastern  portions  of  Dur- 
ham, middle  Yorkshire,  Nottingham,  and  the  district  round 
Shrewsbury,  may  be  taken  as  the  types  of  Penman  scenery. 


PoliBontoIi^cal  CbancterisUcs. 

241.  The  organic  remains  of  the  Permian  system,  as  far  as 
discovered,  do  not  appear  to  be  very  abundant,  and  with  this 
paucity  of  fossils  it  would  be  unsafe  to  dogmatise  too  confi- 
dently as  to  the  ultimate  grouping  of  all  the  members  of  the 
system.  Among  the  Plants — which,  as  already  stated,  have 
less  or  more  a  carboniferous  aspect — we  may  notice  the  fu- 
coids,  ckondriUi  and  polyrip/umia  ;  the  filicoids,  caulerpa,  neur- 
opieria,  p&xpterU,  spJtenopterit,  and  other  ferns  closely  allied 
to  those  of  the  coal-measm«s ;  the  reed-like  plants,  calamkfi, 
equisetita,  and  cuterophyllitea;  and  the  coniferous-looking  stems 
and  branches  known  as  lycopoditea,  lepidodendroti,  and  vialchia 
(after  Walch),      Fossil  fruits,  as  lie  cardiocarpum  (heart- 


shaped),  are  not  uncommon ;  vhile  leaves  like  those  of  the 
fan-palm  and  cycas,  known  by'the  name  of  noegg^athia  (after 
Noeggerath),  and  silici£ed  trunks  of  tree-ferns,  termed  ptaf- 
onites,  are  charactemtic  features  of  the  Penman.  %nra>. 


28o 
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242.  Of  Animal  remaine,  we  have  in  certain  localities  a 
fair  proportion  of  marine  types  in  the  magnesian  Umestone, 
though  we  altogether  miss  that  profusion  of  corals,  encrinites, 
and  molluscs,  which  crowded  the  waters  of  the  mountain- 
limestone  epoch.  Of  spongiform  oi^anisms  we  may  mention 
mammillopora  (pajvpore)  and  the  bothroamis  (pitted-cone) ;  of 
foraminifera  we  have  the  tooth-like  d^Ualina  and  texttdaria; 
and  of  corab,  the  ccdamopora  (reed-pore),  aidopora  (pipe-pore), 
calophyllum  (beautiful  leaf),  and  aiveolitea  (o/mmm,  a  pipe  or 
channel).    Of  echinodenns  we  have  still  the  cyathocriniU  and 


arch<eocidari»  ;  of  vermiform  organiama,  tpirarhis  and  serpida ; 
and  of  Crustacea,  the  cythere  and  dtthyrocang      The  trilobite. 


however,  has  disappeared,  and  we  have  none  of  the  curiona 
complex  crustacean  foima  Uiai  cbax&Qterised  the  Devonian 
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carbonifeTons  epochs.  Of  mollusca,  we  may  notice  the 
tOA  fenatella,  tynociadia,  and  pkyllopora;  the  brachiopods 
la,  prodvcta,  ttrophalosia,  and  trigoTwlreta  ;  the  dimyarias 
ves  m^fi^uf,  Makevdlia,  tdiizodua,  aad  byttoarca  ;  the  gas- 
ods  ristoa,  natita,  and  pleurotoTnaria  ;  and  one  or  two 
\liOfpods  Tfisembling  the  nautilut.  Of  fishes  we  have  eereral 
e  Bmaller  ganoid  forms,  as  paltxmiitcu*,  pygf^tema,  <platy- 
I  (broad-shoulder),  dorypterut  (apear-fin,  in  allusion  to  its 
nged  dorsal),  and  ccelocanthue ;   but  with  this  system 


of  tlieHU  forma  dia- 


1  in  any  siibse- 
t  formation.  The 
ocercal  tail,  which 
infined  to  a  small 
yex  of  genera  in  the 
ing  creation,  is  uni- 
1  in  the  magnesian 
tone  and  all  the 
fonuatiouB ;  while 
B  strata  above  the 


uitigutiaiuu 

the  homoccrcal  tail  pre- 
dominates—  a  general- 
isation long  since  estab- 
<l  by  Professor  Agas- 
Reptilian  life  seems 
to   have  been   ou 
and  tlie 
scanty    and    somewhat 
doubtful  forms  of  the 
old      red      and      coal- 


i  by  trae  air-breathing,  land-inhabiting  creatures  of 
rog  and  lizard  families,  whose  peculiar  cooica),  com- 
sd,  and  finely-serrated  teeth,  bones,  and  footprints,  have 
found  in  Kussia,  Germany,  and  the  south-west  of  Eng- 
ulf we  are  to  regard  the  Bristol  dolomitic  conglomer- 
f  Permian  rather  than  of  Triassic  epoch,  Oi  tt»»» 
dlians  the  patceomarue  (ancient  Baiman),  protarowiuTij* 
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(first  saurian — a  name  applied  before  reptilia  had  been  dis- 
covered in  the  older  strata  of  the  coal-measures),  and  theco- 
dontosaurus  (sheath  -  tooth  saurian),  are  perhaps  the  most 
characteristic — ^the  latter  being  allied  to  the  living  monitor. 
As  a  family,  the  thecodont  saurians  seem  pecuHar  to  the 
Permian  or  Lower  New  Red  Sandstone — as  peculiar,  indeed, 
to  the  system  as  the  ichthyosaurs  are  to  the  Lias  and  Oolite. 
Several  years  ago  remains  of  small  marsupial  quadrupeds 
were  detected  by  the  late  Mr  Emmons  in  the  Bed  Sandstones 
of  Virginia  and  North  Carolina — strata  which  by  some  are 
regarded  as  Triassic,  and  by  others  as  the  equivalents  of  our 
European  Permians ;  but  as  these  will  be  better  considered  in 
connection  with  the  manotmalian  remains  of  the  Trias,  we 
defer  their  consideration  till  we  treat  of  the  fauna  of  that 
epoch. 

Industrial  Products. 

243.  The  industrial  products  of  the  system,  though  not  to 
be  compared  with  those  of  the  coal-measures,  are  still  of  con- 
siderable importance.  The  sandstones  and  conglomerates  are 
quarried  in  many  districts  for  building  purposes,  as  are  also 
some  of  the  magnesian  limestones,  which,  like  that  of  Bolsover 
in  Derbyshire,  employed  in  the  construction  of  the  new  Houses 
of  Parliament,  dress  well,  and  in  the  carefully-selected  beds 
are  exceedingly  durable,  while  in  others  less  carefully  chosen, 
wasting  and  disintegration  often  show  themselves  in  less  than 
a  dozen  years.  The  limestones  are  likewise  used  in  agricul- 
ture, and  as  mortar  for  the  builder,  while  certain  of  the  com- 
pact fissile  varieties  furnish  not  indifferent  blocks  for  the  litho- 
graphic printer.  The  softer  and  earthier  varieties  are  still 
used  in  the  manufacture  of  magnesia  and  Epsom  salts,  but 
the  purer  and  richer  mineral  magnesite  (carbonate  of  magne- 
sia), is  now  rapidly  taking  their  place.  Gypsum  is  an  abun- 
dant product  of  some  of  the  marls ;  while  in  Germany  the 
dark  bituminous-looking  schist,  known  as  the  kupfer-schiefer^ 
has  been  long  mined  as  an  ore  of  copper,  and  furnishes  a  large 
proportion  of  that  valuable  metal.  Veins  of  galena  and  sul- 
phuret  of  zinc  occasionally  traverse  the  magnesian  limestones, 
but,  on  the  whole,  the  system  is  not  noted  as  a  repository  of 
the  metals.  Like  all  porous  strata,  the  soft  earthy  beds  of  the 
magnesian  limestone  are  noted  for  their  water-bearing  proper- 
ties,  and  it  is  by  pumping  from  such  beds  that  the  towns  of 
South  Shields  and  SundeiAan^  ^«ra^  >i)aa\i  ToaMi  supply. 
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NOTE,   RECAPITULATOBY   AND  EXPLANATORY. 

244.  The  system  above  described  consists  essentially  of 
reddish  sandstones  and  brecciated  conglomerates,  yeUowish 
magnesian  limestones  and  slaty  calcareous  beds.  From  the 
prevailing  hues  of  its  strata,  and  from  the  fact  of  its  lying 
immediately  above  the  coal-measures,  it  has  been  termed  the 
new  red  sandstone,  in  contradistinction  to  the  old  red,  which 
lies  beneath.  Along  with  the  salif  erous  marls  and  variegated 
sandstones  of  the  triassic  strata  above,  it  was  early  observed 
to  hold  a  sort  of  middle  place  among  the  secondary  forma- 
tions ;  hence  the  lias,  oolite,  and  chalk  above  were  considered 
as  younger  or  upper  secondaries,  while  the  new  red,  the  carbon- 
iferous strata,  and  the  old  red,  were  termed  the  older  or  lower 
secondaries.  From  the  fact  of  the  lower  members  of  the 
new  red  sandstone  containing  fossils  more  or  less  allied  to 
carboniferous  types,  and  its  upper  members  embedding  those 
less  or  more  allied  to  oolitic  forms,  it  has  been  proposed  to 
separate  them  into  two  distinct  systems — the  Permian  (from 
Perm,  in  Russia,  where  it  is  extensively  developed),  and  the 
Triassic,  regarding  the  triple  group  of  Germany  as  typical  of 
its  upper  strata.  Adopting  this  view,  we  have  the  following 
synopsis : — 

Oermany,  Mngland, 


{Keuper. 
Muschelkalk. 
Bunter  sandstein. 

f  Lower  bunter. 
J  Zechstein. 
FERMIAN.   \  Kupfer-schiefer. 

V  Bothe-liegende. 


Saliferous  marls  and  grits. 

{Wanting.) 
Variegated  sandstones. 

Gypseous  marls  and  grits. 
Magnesian  limestone. 
Marl  slate. 
Bed  sandstones. 


In  the  Permian,  the  fossils  are  plants  akin  to  those  of  the 
coal-measures,  with  crinoids,  shell-fish,  fishes  with  heterocercal 
tails,  and  frog-like  reptiles.  In  the  Trias,  as  will  be  seen  in  the 
next  chapter,  the  plants  resemble  oolitic  types,  and  the  animal 
remains  are  corals,  encrinites,  shell-fish,  fishes  with  homocercal 
tails,  amphibious  reptiles,  and  traces  of  birds.  Taking  the 
whole  composition,  succession,  and  remains  of  both  systems, 
they  indicate  a  period  of  shaUow  seas  supercharged  with 
saline  matter,  of  muddy  estuaries  and  lagoons,  of  frequent 
submergences  and  upheavals,  and  of  peculiar  dixiiaii\a.V  ycScol- 
ences,  which,  while  it  favoured  the  rapid  ^\s\Ii\ft^c^^AsyDL  ^jsA 
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transport  of  rock-matter,  does  not  seem  to  have  been  conge- 
nial to  a  luxuriant  development  of  vegetation.  During  the 
period  many  forms  of  life  disappeared,  and  were  succeeded  by 
others  of  a  different  type  and  order ;  hence  the  Permian  strata 
are  regarded  as  palceozoic,  and  the  Triassic  as  mesozoic. 


Origin  of  Magnesian  Limestone. 

245.  As  in  the  case  of  coal,  rock-salt,  flint,  and  other  rocb 
whose  formation  cannot  be  satisfactorily  accounted  for  by  the 
ordinary  conditions  of  mechanical  sediment,  the  origin  of  the 
magnesian  limestone  has  given  rise  to  much  ingenious  specu- 
lation. The  most  prevalent  hypotheses  a,rer— first,  that  the 
magnesian  limestones  were  produced  by  the  chemical  imion  of 
carbonates  of  lime  and  magnesia  which  were  deposited  in  a 
state*  of  admixture  from  the  waters  of  seas  and  lakes :  and, 
secondly,  that  their  formation  is  due  to  the  metamorphism  of 
ordinary  limestones.  There  are  difficulties,  no  doubt,  in  the 
way  of  both  hypotheses,  but  the  former  is  that  which  admits 
of  most  extensive  and  satisfactory  application.  "  The  circum- 
stances," says  Professor  Phillips,  "  which  permitted  the  accu- 
mulation of  the  magnesian  carbonates  of  lime,  are  in  a  great 
measure  unknown  to  us.  That  they  were  originally  deposited 
in  the  same  chemical  condition  as  we  now  see  them,  without 
the  subsequent  aid  of  any  igneous  operations,  is  perfectly 
evident.  It  has  been  imagined,  because  certain  beds  of  the 
carboniferous  limestone  contain  a  large  proportion  of  magnesia, 
that  the  one  is  derived  from  the  ruins  of  the  other.  But,  as 
Professor  Sedgwick  observes  in  discussing  this  subject,  all  the 
magnesian  beds  in  the  carboniferous  limestone  would  be  quite 
insufficient  for  the  purpose,  and  the  crystalline  character  of  the 
Mansfield  and  other  varieties  of  magnesian  limestone  clearly 
negatives  this  mechanical  solution.  Beds  rich  in  magnesia 
alternate  with  others  devoid  of  that  substance;  the  same  beds 
are  in  one  tract  magnesian,  in  another  yield  pure  lime ;  and  in 
general  we  must  be  content  to  shelter  our  ignorance  under  the 
statement — that,  from  some  unknotun  cause,  the  waters  of  thfi 
sea  were  then  decomposed  in  such  a  way  cts  to  permit  very 
generally  the  precipitation  of  united  magnesian  and  calcareous 
carbonates;  the  possible  circumstances  of  which  must  be  tJi- 
trusted  to  the  examination  of  the  chemist."  Chemically,  the 
subject  has  been  recently  and  fully  examined  by  Dr  Hunt  of 
the  Canadian  Geological  S\iney,  "v^Vift  ^^q  ^tcw^  at  the  con- 
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cluuon  that  maguesuui  limestooes  are  due  to  the  chemical 
onioQ  of  carbonates  of  lime  and  magnesia  in  the  waters  of 
deposit,  and  not  to  a  subsequent  metamorphism  of  ordinary 
aedimentaiy  limestones. 

246.  For  further  elucidation  of  the  system — whose  limits, 
whether  geographically  or  lithologically,  are  by  no  means  well 
defined — we  refer  the  inquiring  student  to  the  '  Memoirs  and 
Maps  of  the  Geological  Survey ; '  to  Professor  Sedgwick's 
"Memoir,"  in  the  'Geological  Transactions;'  to  King's  'Mono- 
graph of  Permian  FossUs,'  in  the  publications  of  the  Palteon- 
tographical  Society ;  to  the  '  Geology  of  Russia,'  by  Sir  Rode- 
rick Murchison;  to  the  'Siluria'  of  the  same  author;  to  a 
paper  on  the  supposed  glacial  origin  of  the  Permian  Breccias, 
by  Professor  R^say,  in  the  elerenth  volume  of  the  '  Geologi- 
cal Journal ; '  and  to  a  recent  communication  by  Mr  Kirkby, 
in  the  same  publication,  on  the  "  Permian  Rocks  and  Fossils 
of  South  Yorkshire."  On  the  formation  of  gypsums,  magne- 
sites,  and  dolomites,  the  studentmay  consult  DrSterry  Hunt's 
elaborate  and  ingenious  paper  in  the  twenty-eighth  volume  of 
'  Silliman'a  American  Journal ; '  or  more  recently  his  volume 
of  collected  '  Geological  and  Chemical  Essays.' 
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XV  I. 


THE  TRIASSIC   SYSTEM: 

comprising 1,  the  bunter  sandstein ;  2,  the  mxjschel- 

kalk;  and,  3,  the  keuper  op  Germany,  or  upper 
new  red  sandstone  of  england. 


247.  The  reasons  for  separating  what  was  formerly  known 
as  the  "  New  Red  Sandstone  "  into  two  distinct  systems — the 
Permian  and  Triasdc — have  been  stated  in  the  preceding 
chapter.  Before  this  division,  it  was  usual  to  arrange  the 
new  red  sandstone,  as  developed  in  England,  into  upper,  mid- 
dle, and  lower  groups :  the  upper  comprising  the  saliferonB 
marls  and  variegated  sandstones  of  Cheshire ;  the  middle^  the 
magnesian  limestones  of  York  and  Durham ;  and  the  lowet^ 
those  reddish  sandstones  and  grits  which  immediately  overlie 
the  coal-measures  in  the  north  of  England.  The  succession  of 
the  strata  composing  the  lower  and  middle  groups  has  been 
already  tabulated  in  paragraphs  234  and  236 ;  the  following 
briefly  exhibits  the  lithology  of  the  upper  group  as  usually 
developed  in  England : — 

Vabieoated  Marls. — Red,  with  bluish,  greenish,  and  whitish  laminited 
clays  or  marls  holding  gypsum  generally,  and  rock-salt  partially  (tf 
in  Cheshire).  Interstratified  with  these  marls  are  certain  grey  vA 
whitish  sandstones  ("water-stones"). 

Variegated  Sandstones.— Red  sandstones,  with  white  and  mottled 
portions ;  the  lower  strata  in  some  districts  pebbly,  in  others  gritty 
breccias  and  conglomerates. 

ition  to  these  marls  and  sandstones,  there  is  developed 
Continent  a  coivaidewX>\ft  >i)Di<5toift&^  ^i  ^\i<dlY  fossilife^ 
^tone  known  as  ttie  ^T3«»CHBiJKj^^\  ^\i\^\s2o.*^'^ 
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interpolated,  the  upper  new  red  consists  of  three  well-marked 
members ;  hence  the  TriaSy  or  triple  system  of  German  geolo- 
gists. Tabulated  in  descending  order,  the  following  exhibits 
the  equivalents  of  the  system  as  developed  in  Germany  and 
England : — 


z.  Keupeb. 


2.   MnSCHELKALK. 


3.  BuNTER  Sand- 
stein. 


Oermany. 
Saliferous  and  gypseous 
shales,  with  beds  of  va- 
riegated sandstones  and 
carbonaceous  laminated 
clays. 

C!ompact  greyish  limestone, 
with  beds  of  dolomite, 
gypsum,  and  rock-salt. 

Various  coloured  sandstones, 
dolomites,  and  red  clays ; 
occasional  pisolites. 


England, 

Saliferous  and  gyp- 
seous marls,  with 
grey  and  whitish 
sandstones. 

( Wanting,) 

Reddish  sandstones 
and  quartzose  con- 
glomerates. 


248.  The  student  wUl  thus  perceive  that  the  Triassic  sys- 
tem, where  fully  developed,  consists  of  three  main  groups^— 
I,  The  Keuper  (saliferous  marls  and  grits) ;  2,  The  Muschel- 
kalk  (shelly  limestone) ;  and,  3,  The  Bunter  Sandstein  (varie- 
gated sandstones).  Of  course,  in  different  districts  the  litho- 
logy  of  these  groups  will  be  found  to  vary,  though  the  per- 
sistence of  saliferous  grits  and  marls  in  the  upper  portion  of 
the  system,  and  of  variegated  sandstones  in  the  lower,  over 
wide  areas  in  England,  France,  and  Germany,  is  perhaps  one 
of  the  best-established  facts  in  geology.  In  England  the  most 
typical  Triassic  district  is  perhaps  the  salt  region  of  Cheshire, 
in  which  Mr  Ormerod  finds  the  total  thickness  of  red  sand- 
stones and  marls  to  be  at  least  1700  feet,  of  which  the  upper 
group,  including  the  salt  and  gypsum,  takes  about  700  feet ; 
the  middle  group,  containing  laminated  sandstones,  called 
"  Water-stones,"  400  feet ;  and  the  subjacent  sandstones, 
mostly  red  and  partially  conglomeratic,  believed  to  correspond 
with  the  "  Bunter  Sandstein  "  of  Germany,  600  feet.  Taking 
the  fullest  development,  as  indicated  by  the  sections  of  the 
Geological  Survey,  the  English  Trias  presents,  in  descending 
order,  the  following  well-defined  members  : — 


Keupeb. 


BUNTEB. 


1.  Mottled  (grey,  green,  and  red)  clays  and  marls. 

2.  Ked  marls,  with  sandy  laminae  and  sandstones. 

3.  Red  and  blue  clays,  with  rock-salt  and  gypsum. 

4.  Water-stones  (laminated  sandstones). 

Soft  red  variegated  sandstone. 
Coarse  red  sandstone  and  cong\ometa\A. 
Soft  red  and  variegated  sandstone. 
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On  the  Continent  the  typical  members  may  be  arranged  in  the 
same  manner,  as  follows  : — 


Keuper. 


1.  Variegated  marls  (red,  blue,  and  green),  with  gyp- 
sum and  sandy  layers. 

2.  Red  and  dark  marls,  with  gypsum  and  limestone 
layers. 

_.  )  3.  Greyish  fossiliferous  limestone,  with  marl  partings. 

MUSCHELKAL  .    ^  ^   Compact  magnesian  limestone. 


BUNTEB. 


5.  Soft  variegated  sandstones. 

6.  Coarse-grained  and  conglomeratic  sandstones. 


249.  Co-ordinating  the  English  with  the  Continental  strata, 
as  far  as  present  data  will  permit,  we  have  the  following  re- 
lations : — 


England. 
Variegated  marls. 

Variegated  sandstone. 


Oermany, 
Keuper. 
Muschelkalk. 
Bunter  sandstein. 


France, 
Mames  Irishes. 
Calcaire  coquillier. 
Gr^s  bigarr^. 
Gr^  des  Vosges. 


In  America,  more  especially  in  the  States  of  Massachusetts 
and  Connecticut,  there  is  also  an  extensive  development  of  red 
sandstones,  shales,  and  conglomerates,  evidently  posterior  in 
formation  to  the  coal,  but  not  yet  very  clearly  separable  into 
Permian  and  Triassic.  As  far  as  fossil  evidence  goes  in  the 
meantime,  the  fishes  and  footprints  seem  rather  indicative  of 
the  Triassic  epoch,  and  to  this  view  American  as  well  as  Brit- 
4ph  geologists  have  for  some  time  given  their  assent.  litho- 
logically,  the  American  strata  are  extremely  similar  to  those 
of  the  Mersey  and  Solway,  and  in  their  composition  and  a^ 
rangement  point  prominently  to  a  similarity  of  external  con- 
ditions and  modifying  agencies  during  the  period  of  their 
deposition. 


Palseontological  Characteristics. 

250.  Speaking  with  that  reserve  which  a  progressive  science 
like  geology  necessarily  imposes,  the  Life  of  the  Trias,  as 
known  in  the  northern  hemisphere,  may  be  described  as 
scanty,  and  only  developed  round  limited  and  distant  centres. 
In  the  vegetable  world  we  miss  that  variety  of  form  and  pro- 
fusion which  characterised  t\i.e  co^-Tasaaxa^^^od  away  under 
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^'Fermian  epoch,  and  again  revived  during  the  depoaition 
of  the  lias  and  ootibe ;  while  in  the  animal  world,  though  the 
era  is  marked  by  the  introduction  of  Dew  and  higher  formB,  it 
by  no  means  exhibits  either  extensive  distribution,  numerical 
amount,  or  variety  of  species.  How  and  why  this  paucity  of 
life,  geology  is  yet  unable  to  determine ;  though  this  much  is 
certain,  that  a  great  series  of  elevations  and  depressions  had 
taken  place — old  lands  had  passed  away  and  new  ones  risen 
from  the  bottom  of  the  deep,  and  over  the  whole  were  imposed 
other  influences  of  climate  and  external  condition.  All  this 
necessarily  implied  new  centres  of  creation  and  dispersion, 
and  altered  forma  to  harmonise  with  the  new  conditions  of 
existence.  Thus  arose  the  flora  and  fauna  of  the  Trias— a  tiora 
and  fauna  more  allied  to  those  of  the  oolite  and  chalk  than  to 
those  of  the  coal-measures  and  old  red  sandstone  ;  and  hence 
the  reason  for  regarding  the  Trias  as  Mesozoic,  while  the  Per- 
mian has  been  included  within  the  great  Paleeotoic  cycle. 

251.  From  whatever  cause  it  may  have  arisen — the  unfib- 
ness  of  the  dryland  to  nouTifih  an  exuberant  vegetation,  or  the 
luifitness  of  the  new  red  sediments  to  preserve  it  in  a  fossil 
state— there  can  be  no  doubt  of  the  fact,  that  the  Triassio  flora 


1 

I 


a  extremely  limited,  both  in  numerical  amount  and  v 
***?  of  species.     In  Britain,  the  system  is  almost  destitute  of 
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vegetable  remains,  and  it  is  chiefly  in  Continental  and  Ameri- 
can strata  that  the  characterietic  types  have  been  detected. 
There  are  several  epecies  of  equiaetum  and  calamite,  among 
which  the  E.  columnare  and  C.  arenacau  are  the  m<Mt  char- 
acteristic ;  a  larger  variety  of  £]icoid  plants,  as  pecopta-ii  Me- 
riani,  t<gniopteris  inttata,  neuropteris  Vottdi  and  deffom,  «pA*- 
nopterie  myriopkyllum,  and  JUicitea  teolopendrioidet ;  a  few 
cycadaceonB  plants,  as  the  pUrophyllum  and  Mcmtdlia  ;  some 
fragments  of  unknown  affinity,  as  the  a/nvallarite*  and  echi- 
nostacki/s;  the  pine-like  Voltna,  apparently  pectdiar  to  the 
Trias,  of  which  the  brevi/olia,  elegant,  and  heUrtqikyUa  are  the 
most  abundant;  the  Walchia  hypnmdet;  and  the  doubtful 
dicotyledonous-looking  leaf,  dictyophyllum  crastin^vum.  On 
the  whole,  the  student  cannot  ful  to  perceive  that  the  Tiiasaic 
flora  exhibits  much  more  of  an  oolitic  than  of  a  carbonifep 
ous  aspect ;  and  that  the  sigillaria,  stigmaria,  and  lepidodeo- 
dra  of  palffiozoic  epochs  have  given  place  to  fonns  more  nearly 
allied  to  the  tree-ferns,  cycada,  ztuuias,  palms,  and  sub-tropical 
pines  of  the  present  era. 

252.  When  we  turn  to  the  Fauna,  we  find  the  same  meeo- 
zoic  aspect  prevailing,  together  with  the  introduction  of  higher 
awd  terrestrial  forms.  We  have  none  of  the  curious  corals  of 
the  Silurian  and  mountain  limestones,  compamtively  few  en- 


crj'nites,  the  piodnctEe  and  Matvc  allies  have  disappeared,  QO 
trilobitea  or  strange-lookiagcumciYi  ci\tsiu&»»^'wiVAi»«ucaBed 
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fishes,  and  now  no  universal  heterocercal  developments.  Na- 
ture has  commenced  another  cycle,  and  with  this  movement 
the  palaeontologist  is  presented  with  other  species  and  newer 
phases  of  vitality.  As  yet  the  muschelkalk  is  the  great  store- 
house of  Triassic  marine  life,  and  in  it  we  find  several  star- 
fishes, as  ophiura  prisca,  aspidura  loriccUa,  and  oMerias  ohtusa  ; 


Aapidura  lozicata.     Muschelkalk. 

and  one  well -marked  and  abundant  encrinite,  the  Eticrirms 
lUiiformia,  Crustaceans  of  minute  forms,  estheria  (posidonia), 
are  abundant  in  the  fine-grained  limestones;  crayfish -like 
forms  (pemphix)  also  occur ;  and  beetle-like  insects  are  by  no 
means  uncommon  in  the  same  beds.  Of  bivalve  mollusca,  we 
may  notice  as  common  in  the  same  strata  cardium  pectinatum, 
mj/ophoria  linecUa,  trigonia  vulgaris  and  levigata,  mya  mus- 
cuUndes  and  elongata,  mytUus  vetvMus,  plagiostoma  lineatum 
and  obliqua,  avicida  socudis,  one  of  the  most  characteristic 
shells  in  the  system,  ostrea  several  species,  pecten  reticulatus, 
and  terebratula  communis  and  subrotunda.  Of  the  gastero- 
pods,  we  have  calyptroea,  trochus,  and  turitella;  and  of  ceph- 
alopods,  the  nautilus  bidorsatus  and  ceratites  nodosus.  These 
cephalopods  mark  well  the  transition  between  the  plain- 
sutured  chambered  shells  of  the  mountain  limestone,  and  the 
ammonites  with  foliated  sutures  so  abundant  in  the  lias  and 
oolite — ^in  other  words,  between  the  palaeozoic  and  mesozoic 
species  of  the  same  great  order.  Of  Fishes,  now  that  the 
"  bone-bed  "  of  Aust  and  Axmouth  has  been  separated  from 
the  lias  and  ranked  as  upper  Triassic  (or  Khsetic)  we  have 
numerous  species ;  that  is,  if  we  regard  the  different  teeth, 
scales,  and  fin-spines  as  really  indicative  of  distinct  species. 
Of  these  we  may  notice  the  conical  shark-like  teeth  of  the 
sauHchthys  (sauroid-fish),  the  gyrolepis  (twisted-scale),  acrodus 
(pointed-tooth),  ceratodus  (horn-tooth),  and  hybodus  (hump- 
tooth).  Of  REPTII4IA,  the  remains  of  several  curious  genera 
have  been  found  throughout  the  system,  both  in  Eu^laivd  ^\A 
Germany,  but  much  more  perfect  data  ate  -waiite^  \»q  ^\NaJc\^ 
the  polseontologist  to  arrive  at  an  accurate  "k.iio^\^^^'&  o^  "Ccl^ 
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zoological  affinities  and  fnnctiona.  Of  these  we  may  notice 
the  frog-like  lahyrinthodon  (so  called  from  the  labyrinthine- 
like  structure  of  its  teeth),  the  phytotaurut  {plant-saurian),  the 
JiotkoMurus  (doubtful  saurian),  the  thteodontoaaurus  (ahesth- 
tooth  saurian),  the  rhynchosaurut  (sharp-nosed  saurian),  the 


.Wv 


'v^X^ 


small  lizivrd-Iike  tderpHon  of  the  Lossiemouth  sandBtoues  which 
are  now  regarded  as  of  Triassic  age,  the  larger  hi/peradapedoit, 
and  the  crocodilian-like  itaganoiepU  of  the  same  formation. 
To  these  may  be  added  the  DicynodoiU  reptiles  from  the  red 


sandstones  of  Southern  Africa  and  Bengal,  which  are 
regarded  aa  the  equivalents  of  our  European  Trias.  Tne 
principal  remains  of  these  curious  reptiles  yet  discovered,  are 
the  bones  of  the  head,  which  seem  to  indicate  a  gigantic  typt 
between  the  lizards  and  turtles.  The  eye  orbits  are  very 
large,  the  cranium  flat,  with  nostrils  divided  as  in  liauda; 
and  the  jaws  toothless,  with  the  exception  that  the  upper  jaw 
posfleaaes  a  pair  of  long  tusks,  implanted  in  sockets  and  turned 
^Vk^auda  like  those  ol  tb«  wAroa — ^beuce  the  name  diej/ito- 
^^•two  canine  teetih." 
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353.  Besides  the  teeth  and  bones  of  these  early  reptiles,  we 
have  also  their  footprints  impressed  and  preserreo  on  the 
slabs  of  sandstone,  ahuost  as  dearly  as  if  they  had  traversed 
the  muddy  beach  of  yesterday.    These  footprinte  speak  a 


language  similar  to  that  of  the  ripple-mark  and  the  rain-drop 
fonnerly  alluded  to — the  foot  leaving  its  impress  on  the  yield- 
ing and  half-dried  mud,  and  the  next  deposit  of  sediment 
filling  cp  the  mould.  On  splitting  cp  many  of  these  slabs  of 
eandetone,  the  mould  and  its  cast  are  found  in  great  perfec- 
tion^-BO  much  so,  that  not  only  the  joints  of  the  toes  but  the 
very  testure  of  the  akin  is  apparent.  These  fossil  footprints, 
■  termed  ichnites  (from  ichiwn,  a  footstep),  have  been  found 
at  Corncockle  Muir  in  Dumfriesshire,  at  Cummingstone  in 
Morayshire  (the  Lossiemouth  aeries),  at  Storeton  in  Cheshire, 
at  HUdburghauaen  in  Germany,  on  the  Connecticut  in  America, 
and  many  other  places.  Some  of  them  are  evidently  reptilian, 
hence  termed  sauroidiehnitee  ;  some,  again  (judging  from  their 
form,  the  texture  of  the  epidermal  impressions,  and  the 
amount  of  uric  acid  contained  in  the  coprolites  that  are  usu- 
ally associated  with  them),  appear  to  be  those  of  gigantic  birds 
allied  to  the  ostrich,  and  thence  termed  oniitkichnvles  (omis,  a 
lard) ;  while  others  appear  to  be  those  of  unknown  quadrupeds 
^ut  all  likelihood  of  some  huge  batrachian  or  frog-like  rei^til.e\, 
and  have  received  the  provisional  designation  ot  tetTaipodwW 
rUtM,  or  four-tooted  imprinta.    When  OMumng  m  a\n^e.^Hx^ 
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these  footprints  are  spoken  of  as  uniserial,  and  are  evidently 
the  traoks  of  two-footed  creatures ;  when  in  double  lines,  they 
are  termed  hiserial,  and  as  clearly  indicate  the  passage  of  some 
four-footed  animal.  The  annexed  engraving  represents  the 
biserial  footsteps  of  the  cheirotherium  (cheir,  the  hand),  so 
called  from  the  hand-like  impressions  of  its  feet,  and  is  sup- 
posed by  Professor  Owen  to  be  one  and  the  same  with  the 
batrachian  or  frog -like  labyrinthodon.  Ichwology^  as  the 
science  of  fossil  footprints  may  be  termed,  has  now  become 
a  favourite  study  with  several  geologists;  and  though  such 


^'^ 


Footprlnta  of  Chairotheriam. 


imprints  occur  both  in  the  old  red  sandstone  and  the  coal- 
measures,  the  slabs  of  the  new  red  have  hitherto  yielded  them 
in  the  greatest  variety  and  distinctness.  Indeed,  so  abundant 
are  they  on  the  Connecticut  river  sandstones,  which  are 
mainly  Triassic  (the  upper  beds  being  of  the  age  of  the  Lias, 
and  the  lower  perhaps  Permian),  that  Dr  Hitchcock  has 
already  enumerated  123  species — ^viz.,  marsupialoid  animals, 
5  species ;  birds,  3 1  species ;  ornithoid  reptiles,  or  reptiles 
walking  on  their  hind  feet,  12  ;  lizards,  17  ;  batrachians,  16 ; 
chelonians,  8 ;  fishes,  4  ;  crustaceans,  myriapods,  and  insects, 
17  ;  and  annelids,  10.  It  is  to  such  local  developments  oif 
ichnites  that  we  are  mainly  indebted  for  the  instructive  *  Ich- 
nology  of  New  England '  by  Professor  Hitchcock,  the  superb 

*  Ichnology  of  Annandale '  of  Sir  William  Jardine,  and  the 
equally  magnificent  lithographs  by   Professor  Lea  of    the 

*  FossU  Footsteps  in  the  Ked  Sandstones  of  Potsville,  Penn- 
sylvania.' 

254.  Of  a  still  higher  type  of  being  than  is  indicated  by 
these  footprints,  are  the  mammalian  molar  teeth  and  fragments 
of  bone  discovered  some  years  ago  (1847)  by  Professor  Plien- 
inger  in  the  bone-breccia  of  Wiirtemburg — ^a  stratum  which 
occurs  among  the  upper  beds  of  the  Keuper,  and  occupying 
nearly  the  same  place  in  the  system  as  the  celebrated  "  bone- 
bed  "  of  Aust  Passage  on  the  Severn,  and  Azmouth  in  Devon- 
shire. These  remains,  according  to  the  determinations  of  Dr 
Jager,  Mr  Waterhouse,  and  Professor  Owen,  are  those  of  a 
warm-bJooded  quadruped— t\L^  e%.T\Aa«\.  olVX&YssA^^t  detected 
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in  the  crust  of  the  earth,  and  probably  insectivorous.  From 
this  circumstance,  and  the  diminutive  size  of  the  teeth,  the 
creature  has  received  the  provisional  name  of  Microlestea 
antiqutis  (micros,  little,  and  testes,  a  beast  of  prey).  More 
recently,  analogous  remains  (the  JDromatherium  silvestre,  or 
running  beast  of  the  woods)  have  been  detected  by  Mr 
Emmons  in  the  Bed  Sandstones  of  Virginia  and  North  Caro- 
lina— ^strata  which  by  some  are  regarded  as  Triassic,  and  by 
some  as  the  equivalents  of  our  European  Permians.  And 
more  recently  still,  Mr  Moore  of  Bristol  has  discovered  in 


^aw  of  Dromatheriuxn  silvestre,  from  the  Red  Sandstoaes  of  Nortb  Carolina. 

Triassic  drifts  numerous  teeth  and  other  mammalian  remains 
indicative  of  new  genera,  thus  adding  most  important  links 
to  that  gradually  lengthening  chain  which  is  yearly  connect- 
ing the  Past  more  intimately  with  the  Present,  and  compelling 
geologists  to  dogmatise  less  rashly  regarding  the  creational 
introduction  and  progress  of  vitality. 


Rhsetic  Series. 

255.  These  bone-beds,  with  their  associated  strata,  which 
occur  between  the  Trias  and  Lias  of  England,  and  formerly 
spoken  of  as  "Passage-Beds"  and  "White  Lias,"  are  now 
generally  regarded  as  the  equivalents  of  the  strata  of  the 
Bhsetic  Alps ;  hence  termed  the  Bhoetic  Series,  They  consist, 
as  in  the  vale  of  Severn  and  in  the  country  near  Stratford-on- 
Avon,  of  grey  shales,  thin  beds  of  white  and  grey  limestone, 
marly  yellowish  clays,  arenaceous  shelly  beds,  dark  laminated 
shales,  and  bone-grits  enclosing  the  bones,  teeth,  and  scales 
of  fishes  and  reptiles,  with  frequent  coprolitic  matter,  and 
occasional  shells.  Though  scantily  displayed  in  Britain  (rang- 
ing from  40  to  120  feet),  they  are  largely  developed  in  the 
Rhaetian  Alps,  where  they  attain  a  thickness  of  1300  feet ; 
hence  the  proposal  to  intercalate  between  the  Trias  and  Lias  a 
new  sub-system  or  group  under  the  term  Bhcetic,  The  same 
beds  are  spoken  of  as  the  Hallstadt,  St  Caasvaxv,  Yi^Q^^^w^  ^csA 
Penarth  Beds — names  referring  to  localities  ^\ifetfe  \)cke^  q^^xxx  ^ 
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as  the  Qervillia  Beds,  and  Avicula  contorta  Zone-Preferring  to 
their  cliaracteriatic  foesila ;  and  as  the  Infra-Lias  Beds — refer- 
ring to  their  position  under  the  Lias  and  above  the  Trias. 

256.  In  their  sediments,  these  beds  differ  alike  front  &e 
red  strata  of  the  Triaa  below  and  the  blue  of  the  Lias  aboTe. 
They  are  thinly  laminated,  and  the  individual  beds  are  of  no 
great  thickness.  They  contain  no  cephalopod,  no  gasteropod, 
no  brachiopod,  no  echinoderm,  no  coial ;  and  what  shells  they 
contain  are  few  in  species,  though  found  abundantly  in  certain 


thin  bands.  The  higher 
Phillips,  are  both  Liaaaic 
liaasic  and  the  fishes  nior< 
remains,  some  of  the  newer 
forming  a  veritable  passage 
following  is  the  section  ii 
Severn — 

Strata.  j 

Grey  shale  and  thin  skerry  l]UiiiD£.  1 
White  and  grey  limestone,  •  1 
Lumpy  grey  shale,  ...  I 
Darli  eliale,  ....'. 
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ShaJe, 


fauna,  according  to  Professor 
j)d  Triassic — the  reptiles  more 
triassic;  some  of  the  older  life 

life  has  come  into  view — thus 
between  the  two  systems.  The 
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Straia. 
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Physical  Aspects. 

257.  Strata,  as  above  described — that  is,  strata  composed 
of  reddish  clays  and  maris,  containing  deposits  of  rock-salt 
and  gypsum,  of  greyish  shelly  limestones,  and  variegated 
sandstones,  and  pebbly  grits — are  found  occupying  consider- 
able areas  both  in  the  Old  and  New  Worlds.  They  occur  in 
patches  on  the  western  coasts  and  islands  of  Scotland,  on  the 
opposite  coast  of  Ireland,  in  the  basin  of  the  Solway,  and 
southward  in  more  or  less  determinate  areas  to  the  Mersey, 
where  the  formation  merges  into  that  broad  and  noticeable 
belt  of  red  sediments  which  stretches  diagonally  across  the 
whole  of  England,  from  Durham  on  the  one  hand  to  South 
Devon  on  the  other.  On  the  Continent  it  occupies  still  wider 
areas,  as  in  Eastern  France,  Southern  and  Northern  Germany, 
and  in  the  region  of  the  Alps ;  while  some  of  its  most  instruc- 
tive features  are  exhibited  in  the  states  of  Massachusetts  and 
Connecticut  in  North  America.  Bed  sandstones  and  marls 
apparently  of  the  same  age  occur  also  in  Arabia,  Upper  Egypt, 
Persia,  along  the  Indus,  in  New  Holland,  and  in  Central  and 
Southern  Africa. 

258.  The  igneous  rocks  associated  with  the  system  are 
identical  with  those  that  break  through  and  displace  the 
Permian  strata — ^being  dykes  and  erruptive  masses  (no  tufa- 
ceous  interstratifications  being  known  (of  augitic  greenstone, 
basalt,  pitchstone,  and  pitchstone-porphyry.  On  the  whole, 
Triassic  districts  are  little  varied  by  trap-eruptions ;  while  the 
predominance  of  clays,  shales,  and  soft  sandstones,  which  have 
yielded  readily  and  uniformly  to  subsequent  denudation,  gives 
rise  to  broad  level  expanses,  rather  tame  and  UTim\«te»\,m^\xv 
their  superficiai  features.     "  Spread  over  so  iimxieiva^  ^  «^^^^ 
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in  England,"  says  Professor  Phillips,  "the  Triassic  system 
offers  th^  remarkable  fact  of  never  rising  to  elevations  much 
above  800  feet — a.  circumstance  probably  not  explicable  by  the 
mere  creating  of  these  soft  rocks  by  floods  of  water,  but  due 
to  some  law  of  physical  geology  yet  unexplained.  We  only 
can  conjecture  that  it  is  connected  with  the  repose  of  subter- 
ranean forces  which  prevailed  after  the  violent  commotions  of 
the  coal  strata,  over  nearly  all  Europe,  till  the  tertiary  epocL" 

259.  Large  areas  of  Lancashire,  Cheshire,  and  St^ord, 
partake  of  this  flat  and  uninteresting  character ;  and  such,  no 
doubt,  is  the  general  physical  geography  of  the  system.  Still, 
there  are  Triassic  districts  on  the  verges  of  the  older  forma- 
tions, as  in  Shropshire,  in  Warwick,  and  South  Devon,  whose 
tumbling  undulations  and  verdant  slopes  are  far  from  devoid 
of  beauty  and  amenity.  Over  the  sandstones  of  the  system 
the  soil  is  occasionally  light,  and  of  little  value  (Warwick, 
Nottingham),  and  the  retentive  shales  sometimes  form  the 
bases  of  extensive  morasses  (South  Lancashire);  but,  generally 
speaking,  the  decomposed  marls  have  given  rise  to  a  stiff  but 
not  unfertile  clayey  loam,  apparently  better  fitted  for  pasture 
(Cheshire,  the  vales  of  Taunton  and  Exeter)  than  for  the  re- 
quirements of  tillage  and  corn-culture. 

260.  Reviewing  the  whole  new  red  system — ^its  sandstones, 
shales,  magnesian  limestones,  gypseous,  saliferous,  and  cupri- 
ferous marls,  its  comparatively  few  plants,  its  marine  shells 
and  fishes,  its  reptiles  and  fossil  footprints,  and  its  generally 
flat  and  undisturbed  position — ^we  are  reminded  of  quiet  shal- 
low seas,  of  iron-tinged  rivers,  and  of  estuaries  studded  with 
lagoons  and  mud-banks.  The  finely-laminated  marls  and 
copper  slates  give  evidence  of  tranquil  deposit ;  the  foot- 
prints, of  mud-banks  dried  and  baked  in  the  sun,  over  which 
birds  and  reptiles  traversed  till  the  next  return  of  the  waters ; 
the  gypsum,  rock-salt,  and  magnesia,  of  highly  saline  waters, 
subjected  to  long-continued  evaporations,  or  at  least  to  some 
chemical  conditions  (see  Recapitulation)  favourable  to  the 
precipitation  of  these  abundant  salts;  and  the  presence  of 
iron,  colouring  less  or  more  the  whole  strata,  together  with 
copper  in  many  of  the  slates,  points  to  impregnations  by  no 
means  favourable  to  the  exuberance  of  marine  life.  The  re- 
mains of  arborescent  ferns,  cycadaceous  and  palm-like  stems, 
together  with  the  skeletons  and  tracks  of  huge  lizard-like 
reptiles,  bespeak  an  arid  rather  than  a  genial  climate,  and  a 
want  of  those  conditioiis  which  gave  birth  to  the  exuberant 
vegetation  of  the  coal  era. 
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[To  complete  the  retrospect,  says  Professor  PhUlips  in  his  *  Geology  of 
Oxford,*  we  have  only  to  call  attention  to  the  well-established  fact  of  the 
paucity  of  fossils  in  tie  purely  red  beds  ;  their  comparative  rarity,  or  even 
total  absence  in  the  purple  beds  ;  and  their  abundance  (even  contempora- 
neous abundance)  in  the  grey  beds.  Was  marine  life  very  rare  in  the  direc- 
tions from  which  the  red  streams  flowed  ?  Was  the  fine  red  mud  hostile  to 
the  growth  of  molluscs  and  corals,  by  impeding  the  action  of  the  respiratory 
organs  ?  Or,  finally,  were  the  sediments  brought  down  by  great  rivers,  like 
the  Mississippi  and  its  branches,  and  so  almost  devoid  of  oceanic  life  ?  We 
may  adopt  such  a  conjecture  as  the  last  without  great  hesitation,  and  it 
agrees  in  some  degree  with  the  ingenious  supposition  of  Mr  Godwin  Austen, 
without  requiring,  as  he  does,  that  the  sediments  should  have  been  de- 
posited in  a  lake  of  fresh  water.] 


Industrial  Products. 

261.  The  industrial  products  yielded  by  the  system  are 
sandstones  of  various  quality,  calcareous  flagstones,  limestone, 
gypsum,  and  rock-salt — chloride  of  sodium,  60.4  chlorine, 
and  39.6  sodium.  Our  chief  supply  of  salt,  formeriy  obtained 
by  evaporation  of  sea-water,  is  now  procured  from  the  salt- 
mines and  brine-springs  of  Cheshire  and  Worcester,  which 
annually  yield,  on  an  average,  upwards  of  1,000,000  tons 
of  prepared  and  purified  salt.  "The  Cheshire  deposits  of 
salt  lie  along  the  line  of  the  valley  of  the  Weaver,  in  small 
patches,  about  Norwich.  There  are  two  beds  of  rock-salt 
lying  beneath  120  feet  of  coloured  marls,  in  which  no  traces 
of  animal  or  vegetable  fossils  occur.  The  upper  bed  of  salt  is 
75  feet  thick :  it  is  separated  from  the  lower  one  by  30  feet 
of  coloured  marls,  similar  to  the  general  cover ;  and  the  lower 
bed  of  salt  is  above  100  feet  thick,  but  has  nowhere  been  per- 
forated. Whether  any  other  beds  lie  beneath  those  is  at  pre- 
sent unknown.  They  extend  into  an  irregular  oval  area,  about 
a  mile  and  a  half  in  length,  by  three-quarters  of  a  mile  in 
breadth."  The  salt  in  these  deposits — as  likewise  at  Middles- 
borough  on  the  Tees,  in  Antrim,  at  Wiirtemburg  in  Germany, 
and  at  Vic  and  Dieuze  in  France — is  sometimes  pure  and 
transparent,  and  at  other  times  is  of  a  dirty-reddish  hue,  and 
mixed  to  the  amount  of  half  its  bulk  with  earthy  impurities. 
It  is  not  stratified  or  laminated,  but  divided  into  vertical 
prisms  of  various  forms  and  magnitudes,  sometimes  more  than 
a  yard  in  diameter — the  outer  sides  of  these  rude  crystallisa- 
tions being  generally  pure  and  transparent.  Pure  chloride 
of  sodium  is  not  liable  to  deliquesce,  but  it  Tapid\Y  «Xi%o^^ 
moisture  from  the  atmoapbere  when  it  contaixia  cfcior^'^^ia  <A 
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magnesium  and  calcium.  The  brine  or  salt  springs  which 
often  issue  from  these  deposits,  contain  s}^  to  6}4  per  cent 
of  salt,  and  are  doubtless  derived  from  the  solution  of  the 
solid  masses  by  subterranean  waters. 

>    "■  '  "  NOTE,   RECAPITULATORY  AND   EXPLANATORY. 


& 


262.  The  system  described  in  the  preceding  paragraphs 
consists  in  the  main  of  reddish  clays  and  marls  usually  sali- 
ferous,  of  shelly  laminated  limestones  more  or  less  magnesian, 
and  of  variegated  red  and  whitish  quartzose  sandstones,  with 
occasional  beds  of  pebbly  conglomerate.  Briefly  tabulated,  it 
exhibits  in  England  and  on  the  continent  of  Europe  the  fol- 
lowing well-marked  series : — 

England,  Germany.  Prance. 

Variegated  marls.  Keuper.  Mames  Irishes. 

Muschelkalk.  Calcaire  coquillier. 

Variegated  sandstones.         Bunter  sandstein.  Gres  bigarr€. 

It  has  received  its  name,  Trias  or  Triassic,  from  being  com- 
posed of  the  three  members  so  clearly  developed  in  Germany ; 
while  the  synonym  "  Upper  New  Ked  "  is  sufficiently  dis- 
tinctive of  its  place  among  English  strata.     Its  fossils  are  all 
of  Mesozoic  types,  and  though  a  few  point  to  Permian  ana- 
logues, the  identities,  if  identities  there  be,  are  to  be  sought 
among  Oolitic  rather  than  among  Palaeozoic  strata ;  hence  the 
reason  of  its  separation  as  an  independent  life-period  from  the 
great  "  new  red  sandstone  formation  "  of  the  earlier  geologists. 
Though  the  accumulation  of  such  masses  of  rock-salt  (chloride 
of  sodium)  be  still  in  some  measure  an  imsolved  problem, 
their  occurrence  in  conjunction  with  gypsum  (sulphate  of 
lime)  and  with  magnesian  limestones  (carbonates  of  magnesia 
and  lime),  less  or  more,  throughout  the  whole  new  red  sand- 
stone  system,  would  seem  to  indicate  peculiar  marine  con- 
ditions— conditions  of  shallow  land-locked  bays  and  lagoons, 
periodical  isolation  of  certain  areas,  and  again  their  sub- 
mergence and  reception  of  ferruginous  mud  and  clay-silts. 
Over  the  entire  area  there  are  no  marked  manifestations  of 
igneous  action,  and  yet  the  abundance  of  red  sediments,  the 
peculiar  chemical  composition  of  many  of  the  strata,  and  the 
frequent   oscillations  oi  level,  would  seem  to  indicate  the 
existence  of  such  agencies,  Vt  ncA.  Sxi  ^  ^vxY^x^aawi  ^sandition, 
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at  least  in  terrestrial  centres,  at  considerable  distance  from 
the  seas  of  deposit. 

263.  The  prevalence  of  red  saliferous  sediments  and  the 
almost  total  absence  of  marine  exuviae  from  such  strata,  are 
among  the  most  noted  features  of  the  system;  and  yet 
nothing  can  be  clearer  than  the  oceanic  nature  of  the  deposit, 
and  the  long-continued  action  of  waves  and  currents  in  assort- 
ing and  arranging  its  material.  To  account  for  this  apparent 
anomaly,  we  must  suppose  either  that  the  waters  were  too 
highly  charged  with  saline  and  mineral  ingredients  to  permit 
of  the  development  of  life,  or  that  the  nature  of  the  strata 
was  unfitted  for  their  subsequent  preservation.  Which- 
ever view  is  taken,  the  fact  remains,  that  Triassic  strata  are 
only  fossUiferous  over  partial  areas;  hence  the  difficulty  of 
determining  to  which  epoch  (Permian  or  Triassic)  many  red 
sandstones  and  marls  do  really  belong.  The  nature  of  the 
embedded  plants  and  animals,  so  far  as  their  paucity  will 
permit  us  to  decide,  appears  to  point  to  a  somewhat  hot  and 
arid  climate — to  insular  rather  than  to  continental  areas  of 
dispersion — to  shallow  estuaries,  lagoons,  and  mud-banks, 
where  gigantic  wading-birds  and  amphibious  reptiles  found 
subsistence  on  shell-fish,  Crustacea,  star-fishes,  and  fishes,  and 
left  their  tracks  on  the  sun-baked  mud,  as  evidence  of  their 
forms  and  of  the  kind  of  life  they  led  on  the  shores  of  these 
primeval  waters. 


Origin  of  Rock-Salt. 

264.  As  already  stated,  the  formation  of  such  chemico- 
mechanical  precipitates  as  rock-salt,  gypsum,  and  magnesian 
limestone,  has  given  rise  to  a  great  deal  of  ingenious  specula- 
tion and  hypothesis.  The  chemical  difficulties  connected  with 
the  origin  of  dolomite  have  been  noticed  in  the  preceding 
chapter  (par.  245);  the  formation  of  rock-salt  remains  much  in 
the  same  scientific  predicament.  The  sandstones  and  marls 
with  which  it  is  associated — exhibiting  as  they  do  the  lines 
and  laminae  of  deposition — are  evidently  the  result  of  sedi- 
ment in  water;  but  the  irregularity  of  the  salt-beds,  their 
variable  thickness,  uneven  surfaces,  rude  prismatic  crystalli- 
sation, and  capricious  occurrence  among  the  other  strata  of 
the  system,  as  well  as  the  soluble  nature  of  the  compound,  a>l 
point  to  a  somewhat  different  origin.  At  preaeiat,  «aX\A?)k«^ 
and  superBeJal  accumnlationa  of  saJt  occur  in  vaiiow^  ^^.t\Si  q1 
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the  world,  and  these  in  some  measure  supply  data  for  reasoning 
as  to  the  saliferous  deposits  of  earlier  eras.  Salt-lakes,  brine- 
pools,  and  Salinas  are  supplied  chiefly  by  saline  springs,  and 
being  subjected  to  the  vaporising  influence  of  the  sun,  which 
carries  off  only  fre^h  vapour,  their  waters  become  in  time 
supersaturated  with  saline  matter,  or,  it  may  be,  desiccated 
entirely — ^leaving  periodical  incrustations  of  various  thickness, 
as  in  the  salt-lakes  of  Central  Asia,  and  along  the  coasts  of 
India ;  in  the  natron-beds  of  Africa ;  and  the  ssdinas  of  South 
America.  But  even  where  entire  desiccation  does  not  take 
place,  water  can  only  hold  a  fixed  amount  of  salt  in  solution ; 
and  so  soon  as  this  amount  is  attained,  the  salt  begins  to  fall 
to  the  bottom  by  its  own  gravity.  In  the  course  of  ages, 
these  layers  will  form  a  thick  bed,  interstratified,  it  may  be, 
with  mud  or  other  earthy  sediment ;  and  if  the  lake  or  valley 
be  ultimately  filled  up,  the  salt  (subjected  to  pressure  and 
internal  crystalline  arrangement)  will  constitute  a  mass  pre- 
cisely analogous  to  the  rock-salt  of  the  new  red  sandstone. 
Such  is  the  process  which  many  geologists  have  advanced  to 
account  for  the  formation  of  rock-salt.  Supposing  that^  in 
addition  to  the  local  accumulations  of  salt-lakes  and  salinas, 
certain  areas  or  lagoons  were  occasionally  cut  off  from  con- 
nection with  the  main  sea  of  deposit,  and  subjected  to  a  rapid 
evaporating  power  without  receiving  fresh  accessions  of  water, 
repetitions  of  this  process,  arising  either  from  periodical  over- 
flows, or  successions  of  elevations  and  submergences,  are  suffi- 
cient to  account  for  the  thickest  accumulation.  According  to 
this  view,  the  repetitions  and  thickness  of  the  rock-salts, 
marls,  and  sandstones  become  a  mere  question  of  time — an 
element  which  knows  no  limit,  and  can  only  be  roughly 
guessed  at  by  the  magnitude  of  geological  operations.  The 
circumscribed  areas  of  rock-salt  basins,  and  the  capricious 
thickness  of  the  beds,  seem  to  favour  such  a  theory;  and 
when  we  consider  the  frequency  of  disturbance  by  subter- 
raneous forces  in  earlier  ages,  and  the  fact  of  many  of  these 
deposits  occurring  near  to  or  in  connection  with  axes  of 
elevation,  it  is  more  than  probable  that  igneous  action  had 
to  do  with  their  formation.  If  such  were  the  origin  of  rock- 
salt,  it  must  have  been  formed  during  the  deposition  of  other 
systems — ^and  this  geological  research  has  confirmed;  for 
although  the  most  extensive  accumulations  in  England  occur 
among  the  sandstones  and  shales  of  the  system  under  review, 
depo%\\&  of  equal  magnitude  are  found  in  connection  with 
oolitiQ  strata,  as  in  tbe  Sa\^\K^  ^^^ — wJOa.  ^x<^\aR«Qus  green- 
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sands,  as  at  Cordova  in  Spain — ^with  chalk  and  tertiary  rocks 
in  the  valley  of  Cardona,  in  the  district  of  the  Pyrenees — 
-with  tertiary  marls,  as  in  Sicily,  and  at  Wielitska  in  Poland ; 
and  salt-springs  are  known  to  issue  from  Carboniferous, 
Devonian,  and  older  strata. 

265.  Notwithstanding  these  facts,  it  must  be  admitted  that 
Geology  has  not  yet  arrived  at  an  altogether  satisfactory  theory. 
The  great  thickness  of  some  of  the  sidt-bcds,  their  comparative 
purity  and  homogeneity  of  mass,  are  results  apparently  be- 
yond the  production  of  any  known  operations  in  nature ;  and 
if  they  do  find  their  analogues  in  any  degree,  we  must  look 
more  than  we  have  hitherto  done  to  the  chemistry  and  physi- 
cal geography  of  the  ocean  for  a  better  solution  of  the  prob- 
lem. It  must  also  be  remembered  that  we  are  too  much  in 
the  habit  of  overlooking  the  effects  of  "  metamorphism "  or 
internal  change  in  the  rock-masses  of  the  solid  crust.  Sub- 
jected as  they  are  to  enormous  pressure,  to  a  higher  and  more 
uniform  temperature,  to  internal  chemical  and  molecular 
change,  to  approximation  by  percolation,  and  to  the  incessant 
transmission  of  magnetic  currents,  it  may  be  that  new  segre- 
gations and  structural  arrangements  are  continually  taking 
place — and  this  more  rapidly  and  extensively  among  rocks 
of  semi-chemical  origin,  like  limestone,  coal,  rock-salt,  and 
gypsum,  than  among  those  of  mere  mechanical  aggrega- 
tion. What  has  been  the  amount  of  this  metamorphism  or 
interna]  change  during  the  lapse  of  ages,  we  have  no  direct 
means  of  ascertaining,  though  the  universal  and  unfailing  na- 
ture of  the  agencies  undoubtedly  implies  something  much 
more  extensive  and  decided  than  is  usually  allowed  for.  Until 
all  these  matters,  however,  are  more  familiar  to  science,  geo- 
logists must  rest  contented  with  merely  indicating  the  line  of 
reasoning  that  seems  to  lead  to  a  satisfactory  solution  of  their 
problems. 

266.  That  such  is  the  real  state  of  this  interesting  but  diffi- 
cult question,  the  student  may  further  gather  from  the  an- 
nexed opinions  of  Professor  Phillips  and  Sir  Charles  Lyell : 
"  The  salt  and  gypsum,"  says  the  former,  "  usually  associated 
in  this  remarkable  system,  present  also  their  difficulties.  Not 
that  it  is  hard  to  suppose  the  waters  of  the  ancient  sea  to  have 
been  so  evaporated  as  to  permit  first  the  crystallisation  of  sul- 
phate of  lime,  and  finally  of  muriate  of  soda.  But  in  this 
case  we  should  expect  to  find  almost  uniformly  over  the  whole 
area  regular  strata  of  gypsum  below,  and  Tegvxlai  \a:^et^  q?1  ^"^ 
above;  while  in  fact  we  more  commonly  ^nd  «i^\.  m  ^^»5^ 
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broad  masses  rather  than  beds  below,  and  gypsum  in  scattered 
masses  above.  A  general  drying  of  the  waters  in  which  the 
saliferous  system  was  deposited  is  plainly  inconsistent  with 
probability ;  and  we  must  have  recourse  to  local  causes,  some- 
thing analogous,  perhaps,  to  those  which  influenced  the  de- 
posit of  the  primary  limestone  [namely,  developments  of  sub- 
terranean heat,  which,  directly  by  change  of  temperature,  or 
by  intermediate  chemical  agencies,  rendered  the  calcareous 
matter  insoluble  over  limited  areas].  It  may  be  conceivable 
that  the  solubility  of  muriate  of  soda  in  water  is  capable  of 
diminution  through  the  admixture  of  other  substances  in  the 
liquid,  or  through  the  effects  of  great  pressure,  or  of  pressure 
and  heat  combined  ;  it  may  be  maintained  that  the  limited  de- 
posits of  salt  happened  in  separate  lagoons  of  the  sea  exposed 
to  local  desiccation,  as  perhaps  in  Cheshire.  Lyell  has  still  a 
different  and  less  probable  view  of  the  subject  All  these  ex- 
planations assume  that  the  salt  was  produced  directly  by  mere 
crystallisation,  from  waters  almost  perfectly  analogous  to  those 
of  the  actual  seas ;  an  assumption  strongly  confirmed  by  the 
recent  discoveries  connected  with  bromine  and  iodine  [viz., 
tho  different  ratios  of  solubility  possessed  by  the  hydrobromic 
and  hydriodic  salts,  compared  with  that  of  common  salt  or 
chloride  of  sodium].  Further  researches,  both  chemical  and 
geologiosil,  must  determine  these  and  other  theories ;  and,  in 
i>tirticub\r«  we  must  be  more  exactly  informed  of  the  ancient 
hy\ir\>gn^phy  of  the  salt  districts,  which  in  almost  every  in- 
i^tanot^  must  have  been  very  different  from  their  present  topo- 
gmphical  features***  The  following,  on  the  other  hand,  are 
the  views  of  Sir  Charles  Lyell,  to  which  Professor  Philips 
HlH>ve  iUludc^  althvnigh  it  is  but  right  to  add,  that  in  the  last 
edition  i\f  his  "  Kleiueuts  *  Sir  Chwles  gives  the  grounds  of 
Wh  theime® — wdcanie  and  sokr  evaporation — ^without  ap- 
iviUf>i^«th'  *d^^ptii\g  either.  **  The  gyp^om  and  saline  matter," 
he  xcrifes!^  *'' iv<^i>n;dhr  inliorstnitified  with  red  days  and 
«MHUt\H\e$  tcVf  rrnvHis:  ;9igetSs  pnniaiT\  seoondjunr,  and  tertiary, 
h^Yv  been  tinnx^t  by  $ii>uie  w4o$ists  to  be  of  Tolcanic  origin. 
SulMiMurine  Ami  $ubtieml  exltaktions  often  occnr  in  regions  of 
etjunhx)u;jU»«  Mini  Tv^cjUHyis^  tu-  tiwn  pcants  of  actnal  eruption, 
MKi  ehM^i  witK  $ul^4iur.  ^nlpliurie  sahs.  and  with  common 
»iiUl  e^rii^umii^eif  ^kvU.  In  «  mvini  siidi  *9c4litens' are  vents 
l^>r  xiihk^  ;itll  tW  )v^>ll>]^n$  wkkli  Ksoe  in  at  sfcate  of  snblima- 
tiv^M  tV\M  tW  <«tjil<N^  eif  *cdv^  vvik;«no«  oUun  at  passage 
rVvMM  tj^  t«l«mo4r  v<  t^  <itttii  «o»  tike  sni^Me.     That  such 
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ingredients  before  enumerated,  and  often  intensely  heated, 
continue  to  flow  out  unaltered  in  composition  and  tempera- 
ture for  ages,  is  well  known.  But  before  we  can  decide  on 
their  real  instrumentality  in  producing  in  the  course  of  ages 
beds  of  gypsum,  rock-salt,  and  dolomite,  we  require  to  know 
more  respecting  the  chemical  changes  actually  in  progress  in 
seas  where  volcanic  agency  is  at  work."  Such  are  the  guarded 
expressions  of  Sir  Charles  with  respect  to  the  "  volcanic"  hy- 
pothesis; nor  is  he  more  decided  as  to  the  ''evaporation" 
process,  though  at  first  sight  he  seems  to  incline  to  the  former, 
as  affording  the  readiest  and  most  satisfactory  solution  of  the 
difficulty. 

[The  compound  and  complex  beds  of  Stassfort  in  Germany  seem  to 
favour  the  "marine  evaporation"  theory.  These  deposits  consist  of  a 
series  of  saliferous  strata — camaUitej  kieseritet  hainiUf  polyhalite,  halite, 
&c.,  of  various  thickness  and  purity,  and  all  rich  in  salts  of  soda,  potash, 
magnesia,  and  lime.  In  fact,  all  the  salts  in  sea- water  are  there  repre- 
sented, and  F.  Bischoff  considers  them  as  evidently  the  results  of  marine 
evaporation  and  deposition.  He  divides  them  vertically  into  four  regions, 
corresponding,  he  observes,  to  their  natural  origin  from  an  evaporating  saline 
— viz.,  I,  or  lower,  the  anhydrite  region ;  2,  the  polyhalite  ;  3,  the  kieserite; 
4,  the  camaUite.  The  kieserite  is  in  beds  from  9  to  12  inches  thick, 
alternating  ynth.  common  salt.  The  whole  deposit  is  about  190  feet  thick, 
and  has  the  following  mean  percentage :  Common  salt  (chloride  of  sodium), 
65 ;  kieserite  (sulphate  of  magnesia),  17 ;  camallite  (double  chloride  of 
potassium  and  magnesium),  13 ;  hydrated  chloride  of  magnesium,  3 ;  and 
anhydrite  (sulphate  of  lime),  2  =  100.  Similar  compounds  are  found  in  the 
saliferous  system  of  Ealutz  in  Hungary,  at  the  salt-mines  of  Mamam  in 
Persia,  and  other  localities — their  composition  and  mode  of  occurrence 
pointing  clearly  to  evaporation  (by  whatever  means)  from  oceanic  waters.] 

267.  In  following  out  a  more  detailed  investigation  of  the 
Triassic  system  the  student  will  derive  assistance  from  a  per- 
usal of  the  following  authorities :  *  Memoirs  of  the  Geologi- 
cal Survey,*  vol.  ii. ;  Alberti's  *  Monograph  des  Bunter  Sand- 
steins  ; '  Mr  Holland^s  paper  in  the  *  Geological  Transactions,* 
together  with  various  contributions  on  the  English  Trias  in 
the  same  publication  by  Strickland,  Buckland,  and  Murchi- 
son ;  Mr  Ormerod  in  the  *  Quarterly  Journal  of  Geology,*  vol. 
fv. ;  Professor  Hitchcock  in  the  *  Memoirs  of  the  Ainerican 
Academy,*  voL  iiL,  N.S.,  and  his  *  Ichnology  of  New  Eng- 
land ; '  Sir  W.  Jardine's  *  Ichnology  of  Annandale ;  *  Professor 
Lea*s  '  Fossil  Footmarks  in  the  Bed  Sandstones  of  Pottsville, 
Pennsylvania;*  and  Phillips's  *  Geology  of  Oxford,  and  the 
Thames  Valley.* 
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XVII. 
OOLITIC   OR   JURASSIC   SYSTEM: 

EMBRACING — I,    THE   LIAS;    2,    THE   OOLITE;  AND,    3, 

THE   WEALDEN. 

268.  Whatever  doubt  may  be  entertained  as  to  the  pre- 
cise age  of  some  of  the  Triassic  strata,  there  can  be  none  as  to 
the  biological  relations  of  the  system  we  are  now  about  to 
consider.  We  have  passed  the  boundary,  as  it  were,  of  the 
older  rocks,  and  have  fully  entered  upon  the  upper  or  younger 
secondary  formations.  Or,  speaking  palaeontologicaUy,  we 
have  traced  the  history  of  systems  whose  fossils  are  all  of 
Palaeozoic  types,  and  now  proceed  to  interpret  the  records  of 
those  that  are  unmistakably  Mesozoic.  The  grand  types  and 
patterns  are  still  the  same — radiate,  molluscan,  articulate,  and 
vertebrate ;  but  the  modifications  of  these  types  are  new,  and 
the  consequent  organisation  higher  and  more  complex.  We 
now  take  farewell  of  the  graptolites,  cystideans,  trilobites,  and 
eurypterites  of  the  Silurian  seas — of  the  gigantic  crustaceans 
and  bone-encased  fishes  of  the  Old  Red  Sandstone — of  the  sigil- 
laria,  stigmaria,  lepidodendron,  and  other  endogenous  forms 
of  the  Coal  period — of  the  cup-in-cup,  honeycomb,  chain,  and 
other  corals  of  the  Devonian  and  mountain  limestones — of  the 
huge  reptile-like  fishes  that  swarmed  in  the  Carboniferous  seas 
— and  are  introduced  to  other  species  and  newer  forms  of  vi- 
tality. The  vegetation  that  adorns  the  lands  of  the  Mesozoic 
period  bears  a  closer  resemblance  and  affinity  to  the  tree-ferns, 
cycada,  zamias,  palms,  and  B.wVV.io^Vc.'aX.  ^m^  <^1  the  present 
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day ;  and  the  botanist  feels  that  he  can  now  institute  com- 
parisons with  some  prospect  of  success,  and  attempt  restora- 
tions with  greater  confidence  and  certainty.  So  also  in  the 
animal  world :  the  approximations  are  becoming  closer  and 
closer;  the  divergence  from  existing  families  is  less  percep- 
tible even  to  the  unscientific  observer ;  and  the  zoologist  now 
meets  with  all  the  great  divisions  of  vertebrate  life-.-fishes, 
birds,  reptiles,  and  mammals.  A  marked  progress  has  been 
made  in  the  great  onward  evolution  of  vitality — whole  fami- 
lies of  lower  Sfe  have  died  out,  and  higher  and  more  special- 
ised ones  have  taken  their  places — and  orders  only  beginning 
to  come  into  existence  in  the  primeval  world  are  now  approach- 
ing their  culmination,  or  point  of  greatest  numbers,  variety, 
and  development. 

269.  Besides  these  gradational  advances  from  lower  to 
higher  forms  which  are  common  to  every  geological  epoch, 
we  have  also  some  curious  external  characteristics  which  must 
arrest  the  notice  of  even  the  least  scientific  of  geological 
observers.  Thus,  in  the  palaeozoic  endogens,  the  ultimate 
development  of  the  leaf  is  for  the  most  part  stamped  in  per- 
manent beauty  on  their  tall  sculptured  stems ;  whereas  in  the 
neozoic  exogens  it  ascends  to  the  more  exquisite  but  evan- 
escent beauties  of  the  fiower  and  fruit.  Again,  the  palaeozoic 
leaf,  being  endogenous,  has  a  venation  wholly  parallel ;  where- 
as the  neozoic  leaf  adds  the  reticulated  venation  of  the  exogen 
to  that  of  the  endogen.  Further,  as  the  floral  arrangement 
of  the  endogen  is  governed  by  three^  and  that  of  the  exogen 
hy  five,  all  the  palaeozoic  flowers  and  fruits  are  stamped  by  the 
normal  number  three;  whereas ^ve«  and  threes  are  equally 
normal  in  the  neozoic  flora.  So  also  in  the  animal  kingdom : 
the  corals  of  the  palaeozoic  cycle  had  their  septa  or  ray-like 
partitions  arranged  in  fours,  while  those  of  the  neozoic  are 
arranged  in  sixes;  in  the  palaeozoic  cephalopods  the  arms  are 
for  the  most  part  void  of  sucking-discs,  while  those  of  neozoic 
seas  are,  on  the  other  hand,  generally  furnished  with  them ; 
in  the  palaeozoic  chambered  shells  the  septa  or  sutural  divisions 
between  the  chambers  are  plain  and  simple,  in  the  neozoic 
they  are,  for  the  most  part,  of  foliated  and  intricate  patterns ; 
the  palaeozoic  crustaceans  are  more  larval-like  or  abdominal 
in  their  segmentation  than  the  neozoic,  where  head,  thorax, 
and  abdomen  become  distinct  and  definite;  and  the  palaeozoic 
fishes  had  all  the  heterocercal  or  unequally-lobed  tail  (which 
marks  the  embryonic  condition  of  all  fisk-Wie^,  vj\i!!^'ei  va.  \}jife 
neozoic  orders  the  heterocerque  is   s\iboidm'a\.^d,  «icA  \5a.^ 
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liomocerque  or  equally-lobed  and  the  undiyided  tails  become 
the  general  and  normal  forms.  These  and  other  distinctions, 
upon  which  the  nature  of  an  elementary  Text-Book  forbids  us 
to  enlarge,  stamp  the  Palseozoic  as  a  life-period  widely  differ- 
ent from  that  of  the  Mesozoic ;  and  yet  there  was  no  break — 
no  discontinuity  in  the  great  evolution  of  vitality.  As  the 
life  of  one  system  runs  imperceptibly  into  that  of  another, 
and  the  two  have  always  some  forms  in  common,  so  the 
Palaeozoic  runs  into  the  Mesozoic,  and  it  is  only  when  viewed 
as  a  whole,  and  at  a  sufficient  distance,  that  its  distinctive 
characters  stand  out  in  bold  and  peculiar  relief.  The  Triassic 
system,  as  already  stated,  is  considered  as  marking  the  dawn 
of  this  new  cycle  of  being — a  cycle  whose  types  attain  the 
meridian  of  their  development  during  the  deposition  of  the 
oolitic  strata,  and  die  away,  as  we  shall  afterwards  find,  at 
the  close  of  the  cretaceous  or  chalk  systenu  In  thus  attach- 
ing high  importance  to  fossils  as  exponents  of  the  past  con- 
ditions of  the  world,  lithological  and  physical  distinctions 
must  not  be  disregarded.  There  are  facts  frequently  brought 
to  light,  and  truths  explained  by  the  composition,  structure, 
and  stratigraphical  relation  of  rocks,  which  no  profusion  of 
fossils  could  ever  interpret ;  and  here  the  student  is  reminded 
that,  however  attractive  palaeontological  discoveries  maybe, 
they  are  only  of  true  geological  value  when  taken  in  connec- 
tion with  chemical,  mineral,  and  mechanical  characteristics. 

270.  The  system  about  to  be  described  is  more  typically  de- 
veloped, and  has  been  more  minutely  examined,  in  England 
than  in  any  other  region  of  the  world ;  and  there  it  consists 
of  three  well-marked  groups,  the  Lias,  the  Oolite,  and  the 
Wealden.  Indeed,  so  clearly  defined  are  these  groups  that 
they  are  sometimes  treated  as  independent  systems;  and 
were  it  not  for  certain  fossil  as  well  as  lithological  resem- 
blances that  pervade  them,  this  course  would  in  many  respects 
be  preferable.  It  has  also  been  proposed  to  regard  the  lias 
and  oolite  as  one  inseparable  Oolitic  or  Jurassic  system,  and 
to  class  the  Wealden  as  one  of  the  sub-groups  of  the  Creta- 
ceous  era — ^an  arrangement  that  is  supposed  to  exhibit  more 
clearly  the  peculiar  phases  of  lower  and  upper  mesozoic  life. 
Such  divisions,  however,  are  in  a  great  measure  arbitrary,  and 
we  require  to  know  more  minutely  than  we  do  bofli  the 
palaeontology  and  lithology  of  the  Wealden  strata  in  other 
countries  before  any  permanent  decision  can  be  arrived  at 
In  the  meantime  the  piogcesa  of  the  science  will  not  be  re- 
tarded  by  regarding  the  "Liaa,  Oo^Vfc,  wA'SN^^'euL  «&  portions 
of  one  great  system — ttie  aWdexA.  \>«a.Tav%^si\KaA'OM^ 
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two  fonner  are  eminently  marine  formations,  while  the  latter 
is  mainly  estnarine,  and  characterised,  of  course,  by  a  differ- 
ent aquatic  fauna. 


Lithological  Composition. 

271.  Adopting  this  view,  the  Jurassic  System  may  be  said 
to  comprehend  the  whole  of  those  peculiar  limestones,  cal- 
careous sandstones,  marls,  shales,  and  clays  which  lie  between 
the  new  red  sandstone  beneath  and  the  chalk  formation  above. 
And  however  similar  these  strata  may  be  in  some  features, 
there  is  no  truth  in  geology  more  fully  established  than  this, 
that  where  the  system  is  complete,  the  argillaceous  laminated 
limestone  and  shales  termed  the  Lias  constitute  the  lowest 
group;  the  yellowish  concretionary  limestones,  calcareous  sand- 
stones, sands,  and  clays,  called  Oolite,  the  middle  group ;  and  the 
greyish  laminated  clays,  with  subordinate  layers  of  limestone 
and  flaggy  ferruginous  sandstones,  the  Wealden  or  upper 
group.  Taking  these  groups  in  descending  order,  the  follow- 
ing synopsis  exhibits  their  subdivisions  as  typically  developed 
over  extensive  areas  in  England : — 

(Weald  Clat. — Greyish  or  "bltiish  laminated  clays  em- 
bedding concretions  of  ironstone,  thin  layers  of  argilla- 
ceous limestone,  and  sandy  ferruginous  flags. 
Hastings  Sands. — Sands  and  sandstones  frequently  fer- 
ruginous, with  partings  of  clay ;  beds  of  clay  and  sandy 
shale  more  or  less  calcareous^  with  subordinate  beds  of 
limestone. 

'  PuRBECK  Beds.  —  Estuary  limestones   alternating  with 
sands  and  clays  (formerly  grouped  with  the  Wealden). 

Upper  Oolite.— Coarse  and  fine  grained  oolitic  limestones, 
with  layers  of  calcareous  sand  and  concretions  {Portland 
stone  and  Shotover  sand) ;  dark  laminated  clays,  with 
gypsum  and  bituminous  shale  [Kimmeridge  clay). 

Middle  Oolite.— Coarse-grained,  shelly,  and  coralline 
oolite,  with  calcareous  sands  and  grit  (coral-rag) ;  dark- 
blue  clays,  with  subordinate  clayey  limestones  and  bitu- 
minous shale  {Oxford  clay) ;  shelly  calcareous  grit  {Kel- 
loway  rock)f  with  subjacent  blue  clays. 

Lower  Oolite. — Coarse,  rubbly,  and  sheUy  limestones 
{comJbrash) ;  laminated  shelly  limestones  and  grits  {forest 
marble) ;  sandy  layers  and  thick-bedded  blue  clay  {Brad' 
ford  clay) ;  thick-bedded  oolite,  more  or  less  compact 
and  sandy  {Bath  or  great  oolite) ;  flaagy  ^t&  mA  CicJ^\ft» 
{Stonesjidd  slate) ;  marls  and  clays  m\l^%o^TXi"Kt\^  X'vkv^- 
stone  (/idler's  earth) ;  calcareoxLB  treea\.aii^,  Vrt^b^ckSa:^ 
oolitic,  and  yellow  sand  (ir^/erior  ooliteV 
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! Upper  Lias. — Thick  beds  of  dark  bituminous  shale ;  beds  of 
pyritons  clay  and  alum  shale ;  indurated  marls  or  marlstone 
with  beds  of  ironstone. 
Lower  Lias. — Dark  laminated  limestones  and  clays ;  bands 
of  ironstone ;  layers  of  jet  and  lignite ;  beds  of  calcareous 
sandstone. 


The  Lias. 

272.  It  will  be  perceived  from  the  preceding  synopsis  that 
the  Lias  or  Liassic  group  occupies  the  lowest  portion  of  the 
system  (if  we  except  the  Rhaetic  or  Passage  Beds),  and  that  it 
is  essentially  composed  of  dark  argillaceous  limestones,  bluish 
clays,  and  bituminous  and  pyritous  shales.     The  name  lia^, 
which  is  said  to  be  a  provincial  corruption  of  the  word  liers  or 
layers,  refers  to  the  thin  beds  in  which  its  limestones  usually 
occur.    "  The  peculiar  aspect,"  says  Sir  Charles  Lyell,  "  which 
is   most  characteristic  of  the  lias  in  England,  France,  and 
Germany,  is  an  alternation  of  thin  beds  of  blue  or  grey  lime- 
stone, with  a  light-brown  weathered  surface,  separated  by 
dark-coloured  argillaceous  partings;  so  that  the  quarries  of 
this  rock,  at  a  distance,  assume  a  striped  and  ribbon-like  ap- 
pearance."    Once  seen,  this  banded  appearance  of  a  lias  cliff 
is  not  easily  forgotten ;  but  it  must  be  remembered  that  the 
clays  generally  predominate,  and  that  they  contain  occasional 
layers  of  jet  or  other  coal  {jet  being  but  a  lustrous  variety  of 
coal),  and  bands  of  ironstone  nodules  or  septaria.     Most  of  the 
shales  are  bituminous  and  pyritous ;  and  it  is  not  uncommon, 
after  wet  weather,  for  the  Yorkshire  cliffs,  which  are  composed 
of  these  beds,  to  ignite  spontaneously,  and  burn  for  several 
months.     Besides  iron  pyrites,  these  shales  are  impregnated 
with  sulphates  of  magnesia  and  soda,  with  salt  (chloride  of 
sodium),  and  other  saline  compounds  which  indicate  a  marine 
origin.     Indeed,  the  whole  aspects  of  the  lias — its  fossils,  com- 
position, lamination,  and  absence  of  pebbly  conglomerates — 
are  those  of  a  tranquil  deep-sea  deposit ;  or,  at  all  events,  of 
an   extensive  marine  area  removed  from  the  influences  of 
littoral  commotion. 

273.  As  developed  in  England,  the  Lias  occupies  a  belt  of 
variable  breadth,  extending  from  Lyme  Regis  in  Dorset, 
northwards  by  Bath,  Gloucester,  Leicester,  Newark,  and 
Gainsborough,  to  the  Humber,  and  thence  to  the  east  coast  of 
Yorkshire.     Taken  in  Yorkshire,  Northampton,  and  Somerset, 

the  formation  (accorditig  to  "Ptoifts^aor  Phillips)  exhibits  in  de- 
ling order  the  folio v^ing  deXaa\&  \ — 
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1.  Upper  lias  clay  or  thaUt  full  of  belemnites  and  other  fossils,  intercalated 

with  or  graduating  to  the  sands  of  the  inferior  oolite  above,  but  of  it- 
self a  series  of  purely  clay  deposits,  occasionally  containing  nodules 
and  bands  of  argillaceous  limestone. 

2.  MarUtone. — A  suite  of  calcareous,  sandy,  and  irony  beds  (the  Cleveland 

iron-ores)  very  rich  in  fossils,  and  much  analogous  to  the  lowest  beds  of 
the  lower  oolite  formation. 

3.  Lower  lias  clay  or  shale,  full  of  fossil  remains,  interlaminated  with  bands 

and  nodules  of  limestone,  especially  in  the  lower  part^  where  a  collec- 
tion of  these  layers  constitutes  the  lias  rock. 

4.  Lias  rock, — A  suite  of  laminated  limestones,  with  partings  of  clay,  blue, 

grey,  and  white,  the  former  in  particular  containing  gryphites  and 
other  shells ;  the  latter  usually  devoid  of  organic  remains.  This  rock 
is  sometimes  consolidated  into  a  united  mass,  and  sometimes  divided 
into  separate  portions. 

5.  BoTU  bed,  and  grey,  black,  or  purple  marls,  which  cover  the  new  red 

formation  in  the  south  of  England,  and  now  generally  regarded  as  a 
Passage  Group  under  the  title  of  the  "  Rheetic  Beds." 


The  Oolite. 

274.  The  Oolite,  as  a  group,  consists  of  more  frequent 
alternations,  and  is  more  Varied  in  its  composition  than  the 
lias.  It  derives  its  name  from  the  rounded  grains  which  con- 
stitute many  of  its  limestones — ^these  grains  resembling  the 
roe  or  egg  of  a  fish  (Gr.  (xm,  an  egg,  and  lithos,  a  stone). 
Oolite  is  the  general  term,  though  many  of  its  limestones  are 
not  oolitic ;  roestone  is  sometimes  employed  when  the  grains 
are  very  distinct ;  and  pisolite  or  peastone  (Lat.  pisum,  a  pea) 
when  the  grains  are  large  and  pea-like.  The  student  must  not 
expect,  however,  to  find  in  the  field  a  uniformity  of  that  roe- 
like texture  so  prettily  exhibited  by  hand-specimens  in  cabinets 
and  museums — ^the  fact  being  that  these  are  picked  portions 
of  a  system  which  shows  every  gradation  of  rock  from  true 
oolite  to  calcareous  grits,  and  shelly  "brashy"  sandstones. 
He  should  also  remember  that  this  peculiar  texture,  though 
prevalent  in  the  oolites  of  England,  is  by  no  means  restricted 
to  the  formation,  but  occurs  in  strata  of  Carboniferous, 
Tertiary,  and  Post-tertiary  age,  and  is  strictly  the  result  of 
chemico-mechanical  conditions  in  the  seas  of  deposit,  which 
may  recur  during  any  epoch  or  in  any  area. 

275.  As  a  group,  the  Oolite  proper  may  be  said  to  consist 
of  alternations  of  oolitic  limestones,  calcareous  grits,  shelly 
conglomerates,  yellowish  sands,  and  clays  less  or  more  cal- 
careous.    "In  a  general  point  of  view,"  saya  Ptoife^^ot  YtS^\^^% 
in  his  *  Geology  of  Oxford/  187 1,  "  tlie  wl^oVe  \a  «b  s^3LC.Qie;ai&\o^^'^ 
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limestones,  oolitic  or  shelly,  laminated  or  massive,  alternating 
with  clays  and  sands  locally  hardened  to  sandstones.''  The 
peculiar  roe-like  grains  which  constitute  the  oolite  texture, 
consist  either  entirely  of  lime,  or  of  an  external  coating  of 
lime  collected  round  minute  particles  of  sand,  shells,  corals, 
&c. ;  the  grits  are  composed  of  fragments  of  shells,  coral,  and 
sand;  many  of  the  strata  have  a  brecciated  aspect,  hence 
known  as  ragstone;  and  some  of  the  shelly  beds,  on  exposure 
to  the  atmosphere,  break  up  into  a  rubbly  sandy  soil,  whence 
the  provincial  comhrash  of  the  English  farmer.  Like  the  lias, 
the  oolite  is  strictly  a  marine  deposit,  but  its  corals,  broken 
shells,  and  grits  point  to  shallower  waters,  to  exposed  beaches 
and  sandbanks,  over  which  waves  and  tidal  currents  spent 
their  forces,  and  which  repeatedly  changed  level  during  the 
deposition  of  the  system. 

276.  As  a  deposit  of  great  extent,  and  taking  place  under 
such  circumstances,  it  necess&,rily  exhibits  much  local  diversity 
of  composition.  Superimposed  on  the  Lias,  it  occupies  in 
England  a  broad  parallel  belt  stretching  from  Dorset  to  York- 
shire, and  in  this  area  has  been  more  minutely  examined  than 
in  any  other  region — the  numerous  railway  cuttings  and 
tunnels  which  pass  through  it  having  afforded  unusual  facil- 
ities for  that  purpose.  Arranging  it  into  Upper,  Middle,  and 
Lower  series,  the  following  tabulation  sufficiently  exhibits  its 
stratigraphical  details : — 


Upper  Oolite 

of 

Purheck,  Portland, 

Wilts,  Bucks, 

Berks,  &c. 


Middle  Oolite 
of  Oxford, 
Berkshire, 

Yorkshire,  &c. 


^  Purheck Beds. — Blue  clays  and  laminated  limestones, 
exhibiting,  according  to  K.  Forbes,  alternations  of 
fresh-water  and  estuary  conditions  of  deposit. 

Portland  Oolite. — Oolitic  and  earthy  and  compact 
limestones  with  marine  shells,  and  layers  of  nodu- 
lar chert. 

Shotover  Sand. — Calcareous  sand  and  concretions. 

Kimmeridge  Clay. — Thick  blue  clay,  bituminous, 
with  septaria  and  marine  remains ;  and,  especially 
in  the  lower  part,  bands  of  sandy  concretions. 

'Coral-Rag. — An  upper  calcareous  grit  with  marine 
fossils  ;  coralline  oolite  rich  in  zoophytes  (hence 
the  name  coral-rag),  and  a  lower  calcareous  grit, 
with  bands  of  clay  and  marine  shells. 

Oxford  Clay. — Dark-blue  and  greyish  clays,  with 
\  septaria  and  fossils ;  subordinate  beds  of  clayey 
limestone  and  bands  of  shale. 

Kellovxiy  Rock. — A  calcareous  grit  (rarely  oolitic) 
very  nch  in  ioasvla,  with  a  subjacent  bed  of  blue 
clay. 
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LowEB  Oolite 

in 

Gloucestershire, 

Oxfordshire, 

Northamptonshire, 

&c. 


/ 


fCornbrash  Limestone. — A  coarse  shelly  rock  of  vari- 
able and  small  thickness,  but  remarkable  con- 
tinuity. 

Forest  Marble, — Sand  with  concretions  of  sandstone 
and  nodules  of  fissile  arenaceous  limestone ;  coarse 
shelly  oolite,  in  some  places  slaty;  sandy  day  and 
blue  clay  of  Bradford. 

Great  Oolite. — A  calcareous  and  mostly  oolitic  rock, 
of  variable  thickness  and  changeable  nature,  the 
upper  beds  shelly,  the  lower  sometimes  laminated 
(Stonesfield  slate). 

Ftdlei's  Earth. — ^A  series  of  marls  and  clays  with  in- 
cluded beds  of  soft  marly  or  sandy  limestones  and 
shells. 

Inferior  Oolite. — A  coarse  often  very  shelly  rock  of 
limestone,  irregularly  oolitic,  occasionally  inter- 
laminated  with  sand,  especially  in  the  lower  parts ; 
ferruginous  sand  with  concretionary  masses  of 
sandy  limestone  and  shells. 


\ 


The  above  presents  the  general  succession  of  the  strata  as  de- 
veloped in  the  counties  referred  to;  but  it  must  be  observed 
that  considerable  differences  occur  even  in  the  area  of  Eng- 
land, while  in  Scotland,  and  on  the  Continent,  the  minor 
series  are  altogether  differently  composed.  Again,  in  certain 
areas  there  occur  available  beds  of  coal,  with  their  under- 
clays  and  bituminous  shales,  which  give  to  the  formation  quite 
a  "carboniferous"  aspect,  were  it  not  for  the  fossil  plants, 
which  are  altogether  different — and  not  to  be  mistaken,  even 
by  an  unpractised  eye,  for  those  of  palaeozoic  coal-fields.  On 
the  whole,  the  great  groups,  as  developed  in  Europe,  can  be 
readily  co-ordinated,  and  little  difficulty  is  experienced  in 
determining  their  place  in  the  system.  "In  the  north  of 
France,  for  example,  most  of  the  groups  acknowledged  by  the 
English  geologist  may  be  recognised  as  the  lias,  inferior  oolite, 
Bath  oolite,  forest  marble,  Oxford  clay,  coralline  oolite,  Kim- 
meridge  clay,  and  even  the  Portland  oolite  and  Wealden ;  and 
the  organic  remains  are  either  very  similar  or  identical." 


The  Wealden. 


277.  The  Wealden  group — so  termed  from  the  "wolds" 
or  "wealds"  (woodlands)  of  Kent  and  Sussex,  where  the 
deposit  prevails — consists  chiefly  of  clays  and  shales,  with 
Rubordinate  beds  of  indurated  sands,  saudstone^  dxA  ^^^ 
limestones,  that  indicate  an  estuary  or  brack.iB\i-^«A.«t  afv^^« 
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Thin  partings  of  lignite  and  bituminous  shale  are  not  unfre- 
quent  among  the  clayey  strata.  The  group  is  of  limited 
extent  in  England  and  on  the  continent  of  Europe,  while  in 
other  regions  its  precise  equivalents  have  not  yet  been  de- 
tected. As  t3rpica]ly  developed  in  Kent  and  Sussex,  the 
Wealden  seems  to  occupy  the  site  of  an  ancient  estuary  which 
received  the  clay  and  mud  of  some  gigantic  river,  whose 
waters  occasionally  bore  down  the  spoils  of  land  plants  and 
land  animals,  to  be  entombed  along  with  those  of  aquatic 
origin. 

278.  Separating  the  Purbeck  beds,  which  were  originally 
classed  with  the  Wealden,  the  group  may  be  said  to  consist 
of  two  main  members — the  Weald  clay  and  Hastings  sands 
—  which,  when  analysed,  exhibit  the  following  particulars, 
taken  in  descending  order : — 

Weald  Clay. — Thick  blue  clays,  having  in  the  upper  part  septaria  of 
argillaceous  ironstone,  and  in  the  lower  parts  beds  of  the  shelly  fresh- 
water limestone  known  as  "Sussex  marble,"  "Petworth  marble,** or 
"  Paludina  marble,"  from  the  abundance  of  that  gasteropod. 

Hastings  Sands. — Fawn-coloured  sand  and  friable  sandstone  (Horsham 
beds) ;  calciferous  sandstones,  alternating  with  friable  and  conglo- 
merate grits  (Tilgate  beds) ;  white  sand  and  friable  sandstone  alter- 
nating with  clay  (Worth  sandstone) ;  bluish-grey  limestone  alternating 
with  blue  clay  and  sandstone  shale,  and  some  beds  of  calciferous  sand- 
stone (Ashburnham  beds).  In  addition  to  these  beds,  the  sub-Wealden 
boring  has  disclosed  the  existence  of  beds  of  gypsum  of  considerable 
thickness  and  purity. 

Or  more  minutely,  as  has  been  proposed  by  the  officers  of  the 
Geological  Survey — the  subdivisions  being  taken  from  local- 
ities where  the  beds  are  well  and  typically  exposed : — 

1.  Punfield  beds,  with  fossils  of  a  cretaceous  aspect. 

2.  Weald  clay. 

3.  Tunbridge  Wells  sand. 

4.  Wadhurst  clay. 

5.  Ashdown  sand. 

6.  Fairlight  clay  (= Purbeck  beds  ?)  with  fossils  of  an  oolitic  aspect 


Palaeontological  Aspects. 

279.  The  organic  remains  of  the  system,  as  already  stated, 
are  all  Mesozoic — that  is,  belonging  to  genera  and  species 
differing  from  those  found  in  the  older  rocks,  and  differing 

>,  though  less  in  geuexal  as^^tX.,  ixota-^oaa  est  the  tertiary 
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ftnd  present  epochs.  They  are  exceedingly  numerous  and 
well  preserved,  and  have  long  and  intimately  eogaged  the 
attention  of  palteontologiats.  Veqetable  Eeuaims  are  fre- 
quent in  all  the  groups,  and  aometimea  occur  in  such  pro- 
fusion as  to  form  seams  of  lignite,  jet,  and  coal.  The 
Kimmeridge  bituminous  shale,  known  aa  "  Kim  coal,"  the 
carbonaceous  shales,  lignites,  and  coals  of  eastern  Yorkshire, 
the  coal  of  Brora  in  Sutherland ahire,  of  Eichmond  in  Vir- 
ginia, and  perhaps  most  of  the  coal-fields  of  Hindoatan  and 
the  Indian  Archipelago  (Borneo  and  Labuan)  belong  to  the 
oolite  aection  of  the  system.  Some  of  the  marine  deposits 
contain  impressions  of  sea-weeds  (lialymenitet) ;  and  in  those 
of  estuary  origin  eqwUetite»,  lyeopodita,  and  other  lowly  fonns, 
are  not  uncommon.  The  terrestrial  orders  seem  to  indicate  a 
genial,  if  not  a  tropical,  climate  —  the  more  characteristic 
being  arborescent  fenis,  as  eydopterii,  pecopta%»,  gphenop- 
ierii,  tceniopteris,  otopteris,  &c. ;  monocotyledon ous  leaves 
resembling  those  of  the  lily,  agave,  aloe,  and  piue-apple,  and 
endogenous  stems  \a\ovm  aa  endogenties ;  cycada  approaching 
very  nearly  the  existing  cycas  and  zamia,  hence  termed  eyea- 
dittSf  lamites,  pterophylluTii,  palmotamia,  mmioitrobm,  &c. ; 
chara-looking  plants  distinguished  as  nat'a  JifM  chara  spJ^cno 


coccitet  (round  berry),   &c. ;    palms    (j)almadt«i^   K^'^s.xKft^'j 
allied  to  the  paadamts  or  screw-pine ;  an.A  coTiiie.t<»aa  ».\««i& 
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and  fragments  resembling  the  araucaris,  yew,  cypress,  thnja, 
&C.,  and  hence  knowa  by  such  names  as  araucarUes,  taxUa, 
cupretnnitei,  ahietita,  pmites,  and  thujiUt.  One  of  tiie  most 
remarkable  facte  connected  with  the  vegetation  of  the  period 
is  the  occurrence  of  dark  loam-like  strata,  locally  known  as 
the  "diet-beds"  of  Portland,  and  which  must  have  formed 
the  soib  on  which  grew  the  cycas  and  other  oolitic  plants, 
tliough  now  interstratified  with  limestones,  sandstones,  and 
shales.  "At  the  distance  of  two  feet,"  says  Mr  Bakewell, 
"  we  find  an  entire  change  from  marine  strata  to  strata  ouce 
snpportijig  terrestrial  plants;  and  should  any  doubt  arise 
respecting  the  original  place  and  position  of  these  plants, 
there  is  over  the  lower  dirt-bed  a  stratum  of  fresh-water 
limestone,  and  upon  this  a  thick  dirt-bed,  containing  not  only 
cycadeas,  but  stumps  of  trees  from  tbree  to  seven  feet  in 
height,  in  an  erect  position,  with  their  roots  extending  be- 
'  neath  them.  Stems  of  trees  are  found  prostrate  upon  the 
same  stratum,  some  of  them  from  twenty  to  twenty-five  feet 
in  length,  and  from  one  to  two  feet  in  diameter." 


280.  With  respect  to  the  Ahimal  Kemains,  we  have  repre- 
sentatives of  almost  every  existing  order,  with  the  exception 
of  the  higher  mammalia, — thus  convincing  us  of  the  onward 
and  upward  progress  of  creation,  but  leaving  us  aa  much  as  ever 
in  ignorance  of  the  means  by  which  creative  energy  accom- 
plished its  marvellous  designs.  Beginning  with  the  lovest 
forma,  we  have  spongiform  organisms,  tpoJiffia  and  Udpiiut; 
/oraminifera  in  the  lias,  aa  fiabdlaria,  frondiaUaria,  and  yoiy- 
tnorpMiia;    numeroua  loo^ty^fts  "ovOTft  \&ft  'Caa  inaidie^refl, 
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star-corals,  and  br&in-corals  of  existing  seas,  than  the  zoo- 
phytes of  the  Silurian  and  mountam  limestones,  of  which  the 
most  abundant  are  the  iicutrcea,  thamntutrcea,  morUlivaltia, 
and  itylina  ;  crinoids,  of  which  the  apiocrimte  {pear-encrinite) 
and  the  peTttat^nite  (or  encrinite  with  the  £ve  sides)  are  the 
moat  frequent ;  star-fishes  like  the  asterias  and  ophiura,  of 
which  the  more  common  are  the  tatropectm,  ophioderma,  and 
ampMura ;  sea-urchins,  as  the  cidaris,  nudeolites,  kemicidarit, 
diadeToa,  and  eehvius  ;  worm-like  annelids,  as  terpula  and  ver- 
micularta;  and  Crustacea  liie  the  minute  bivalved  eifpridet, 
the  cray£ah-like  eryon  and  mecocheirut,  and  the  lobster-like 
glyjJiea.     Of  insects  a  great  profusion  has  recently  been  de- 


tected in  the  Stonesfield  slate  and  liaa,  representing,  if  we 
are  to  accept  the  imperfect  fragments  as  su£Bcient  evidence, 
almost  every  order — coleopterous,  neuropterous,  orthopterous, 
dipterous,  il^c.  Of  these  the  beetle  -  like  bupresttum,  the 
dragoofiy-like  libdlulinm,  the  cercopidium,  and  hlattidium,  are 
perhaps  the  most  abundant.  Of  the  testacea,  which  occur  in 
vast  profusion  in  all  the  groups,  we  can  only  notice  a  few  of 
the  more  characteristic  forms,  taking  them  in  the  usual  order. 
The  polyzoa  occur,  but  not  abundantly,  in  the  lias  and  lower 
oolite,  and  of  these  the  most  common  are  ^T\i%^a  'Ax^  cerw- 
pora,  diasU^iont,  aad  crict^tora,  so  named  itom  ftievt  «»XftV 


iial  arrangements ;  the  brachiopoda  are  represented  (and  nf 
course  only  in  the  marine  strata  of  the  lias  and  oolite)  by  many 
species  of  terebratuta  rhyncondli  apirifera  and  dixdna;  the 
moQomyariainthesameway  bypec<«n,okrea  qervillia,  amaila, 
and  ffrypkcea;  the  dimyarun  bivalves  by  (n^onio,  pholas,  mo- 
diola,  eardium,  area,  photadomya,  and  many  others  ;  no  ptero- 


pods  are  known,  but  the  gasteropods  are  abundantly  developed, 
particularly  in  the  lias  and  lower  oolite,  and  of  these  jrfeimJto- 
maria,  trochus,  nerincea,  patella,  eerithium,  and  aiaria,  may  be 
noticed  as  yielding  the  greatest  number  of  apecies.  So  oharM- 
teristic,  indeed,  aie  some  oC  these  teatacea  of  certain  members 
of  the  f oriaatioii,  tliat  fiie  ^laa  ^&  ao-nnaMma  VxtsskA.  the  "  giy- 
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phite  limestone,"  and  for  a  similar  reason  one  of  the  Jurft 
oolites  is  termed  by  Continental  geologists  "calcaire  b,  aerin^es." 
The  moat  remarkable  mollusca  of  the  period,  however,  were 
undoubtedly  the  cephal<^}ods,  which  seemed  to  have  attained 
their  meridkn,  both  in  diversity  of  form  and  numerical  amount 
of  species,  during  the  deposition  of  the  lias  and  oolite.  Of  theee 
the  amnwmiU  (so  called  from  ila  resemblance  to  the  curved 
horn  on  the  head  of  Jupiter  Anunon)  appears  to  have  thronged 
the  waters  in  many  hundreds  of  species,  and  of  all  sizes,  from 
shells  of  half  an  inch  to  shells  of  three  feet  in  diameter.  The 
nautilus,  ancifiocera»  (crooked  horn),  and  a  few  others,  were 


the  congeners  of  the  ammonites,  thongh  not  appearing  in  any- 
thing like  the  same  profusion.  Gigantic  cttttW&a\i«a  -wes-a 
also  contempoMries  of  the  ammonite  and  nautiVia,  Mv&.^ia:'* 
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left  evidences  of  their  existence  in  the  belemnites  (belemnot,  a. 
dart),  which  were  the  internal  bones  of  these  marvellous  mol- 
Insca.  Indeed,  so  varied  and  numerous  are  the  specific  fonus 
of  these  ammonites  (there  being  upwards  of  120  species  found 
in  the  lias  alone)  that  it  would  require  almost  a,  volume  to  de- 
scribe the  peculiarities  of  their  configuration  and  supposed 
functional  arrangements.  The  student,  however,  by  tie  aid 
of  a  few  entire  specimens,  which  can  be  readily  procured,  and 
a  section  of  the  existing  nautilus,  will  soon  learn  enough  for 
the  purposes  of  generalisation  ;  the  minuter  details  must  he 
left  to  the  professed  paheontologist  and  zoologist.  (See  £e- 
capitulation.) 

281.  Of  the  higher  or  vertebrated  forms  of  life,  we  have  many 
examples  of  placoid  and  ganoid  fishes,  and  of  sauroid  reptiles, 
one  or  two  specimens  of  bird  ipaleeomu,  artAceopteryx)  and 
three  or  fonr  species  of  marsupi^  mammals.  The  placoids  are 
represented  by  such  forms  as  hybodut,  acrodut,  ttrophodw  (tum- 
tooth),  gcmodus  (enamel-tooth),  and  atteraca'oiktta  (star-spine) 


— the  teeth  and  spines  of  shark-like  genera  resembling  the 
cestracion  of  Australian  aeaa  -,  and  the  ganoids  by  teeth,  scales, 
and  otier  ichthyo^tea  ■w\u.di  Wia  iftt&wei.  yaa  ijroviuoiial 
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names  of  pycriodus  (strong-tooth),  oBchmod/us  (point-tooth),  eug- 
nathtis  (great-jaw),  pachycormus  (thick-trunk),  leptolepis  (slen- 
der-scale), lepidotasy  dapediua,  and  the  like.  Of  the  reptiles 
there  are  several  forms  of  tortoise  and  turtle ;  some  seem  to 
be  aUied  to  the  crocodiles,  gavials,  monitors,  and  iguanas  of 
tropical  climates ;  while  others  are  so  peculiar  in  their  struc- 
ture and  apparent  modes  of  existence  that  zoology  seeks  in 
vain  for  any  analogue  in  existing  nature.  Under  such  circum- 
stances palaeontologists  have  been  compelled  to  adopt  a  new 
arrangement  of  these  reptilia  (see  Animal  Classification,  p. 
181),  subdividing  them  into  dinosauria  (terrible  saurians), 
pterosauria  (winged  saurians),  and  similar  other  orders.  Under 
the  first  division  we  have  such  gigantic  forms  as  the  hylceosau- 
TVS  (forest  or  weald  saurian),  the  megcUosaurus  (great  saurian), 
and  the  tgimnodoii,  so  termed  from  the  almost  perfect  identity 
of  the  teeth  and  skeleton  of  a  huge  wealden  form  with  those 
of  the  living  iguana  of  South  America.  We  have  also 
the  cetiosaurua  (whale-like  saurian),  teleosaurtts  (perfect  sau- 
rian), crocodUus,  and  many  others.     The  lacertUia  exhibit  a 


Ichthyosaxuxis  communis. 


few  doubtful  forms,  as  lacerta  and  mothetes;  while  the  sea-sau- 
rians  are  represented  by  numerous  species  of  the  well-known 
ickthyosaurus  (fish-like  saurian),  whose  skeletons  have  been 
found  almost  perfect  to  the  smallest  vertebra,  rib,  and  joint 
of  the  swimming-paddle — even  with  the  undigested  remains  of 


Plesiosauiua  dolicbodeirus. 


the  cuttle-fishes  on  which  the  creatures  had  preyed ;  the  jdZc- 
siosaurus  (so  called  from  its  closer  resemblance  to  the  true 
saurians),  distinguished  by  its  enormous  len^\i  ol  h^Osl,  ^ccaJ^^st 
head,  and  shorter  body  and  tail ;  the  2)lio8auru8,  ^xl  'yoXkcss^Rt 

X 
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diate  form,  as  it  were,  between  the  two  former ;  besides  nu- 
merous detached  bones,  coprolites,  portions  of  dermal  integn- 
nient,  and  the  like,  which  may  belong  to  these,  and,  it  may  be, 
to  other  unknowQ  species.  Of  the  turtle  family  we  may  men- 
tion the  cJtelon^,  platemys,  and  plearoslenwTi,  which,  with 
several  other  genera,  occur  throughout  the  system,  though 
more  abundantly  in  the  lias  and  wealden ;  while  under  ^e 
pterosaurs  we  have  the  curious  plerodactylut  {pteron,  a  wing 
and  dtKtffl'ut,  a  hnger),  of  which  there  are  several  species,  t^ 
furnished  with  membranous  wing-like  appendages,  something 
like  those  of  bats,  and  apparently  for  the  purpose  of  enabling 


the  animal  to  lead  an  aerial  as  well  as  terrestrial  existence. 
Of  these  wonderful  reptiles,  which  seemed  to  have  thronged 
the  shallow  seas  and  baya  and  lagoons  of  the  period,  our  space 
will  not  permit  further  mention  :  but  so  marked  and  marvd- 
lous  a  feature  of  the  system  do  they  form,  that  the  oohtic 
epoch  has  been  not  inappropriately  termed  "  the  age  of  rep- 
tUes  " — and  so  abundant  and  well  preserved  are  their  remains, 
that  almost  perfect  specimens  are  to  be  found  in  every  public 
museum  of  any  pretensions.     (Sec  Recapitulation.) 

282.  Of  Bird-remains,  so  rare  in  every  formation,  a  very 
perfect  specimen  has  recently  been  discovered  in  the  litho- 
graphic limestones  of  Germany.  These  remains,  at  fiist 
regarded  as  belonging  to  some  species  of  pterodactyle,  have 
been  shown  b^  Rxjfessor  Owen  and  others  to  be  those  of  a 
true  bird,  having  (unlike  any  living  bird)  a  long  vertebrated 
tail,  but  in  other  respects  analogous  in  bone  and  feather. 
Tbia  unique  apecimeu,  novj  iu  tte  British  Museum,  haa 
^  been    named  ordKBOjrteryx,  ot  "  a.n.ctt.a\.  l(».'*iw--«va^"  and 
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attengthens  the  opinion  that  bird  -  life  existed  daring  the 
earlier  periods  of  the  Trias  and  Permian.  Of  wsrm-blooded 
mammals  we  have  evidence  in  certain  jaw-bones,  teeth,  and 
detached  bones,  found  in  the  flaggy  limestones  of  Stoneafield, 
&nd  in  the  middle  and  upper  beds  of  Furbeck.  So  far  as  the 
imperfect  fragments  will  permit  of  a  decision.  Professor  Owen, 
Mr  Waterhouae,  Dr  Falconer,  and  other  comparative  anato- 
mists, are  inclined  to  regard  them  as  the  remains  of  small 
insectivorous  marsupials;   and  this  opinion  seems  now  ac- 


quiesced in  by  the  generality  of  palaaontologiata.      Respect- 
ing the  habits,  size,  and  generic  affinities  of  these  marsupials, 


satisfactory  evidence  is  still  greatly  needed ;  Wt  m  Mtt«  ta^KO- 
time  the  stadent  may  accept  the  fact  of  &e  e^dsXeace  (iV  Nt^.-no.- 
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blooded  terrestrial  mammals  allied  to  the  smaller  pouched 
quadrupeds  of  Australia  during  the  oolitic  epoch,  and  regard 
as  provisional  genera  the  thylacotherium  {thylaJcoSj  a  pouch), 
the  ampkUherium  {amphi,  doubtful),  the  phascolotkerium 
(phaskaloSf  a  pouch),  the  spalacotherium  {spalax,  a  mole),  and 
the  stereognatkus  (solid  jaw),  which  appear  in  the  published 
lists  of  its  fauna.  More  recently,  and  in  particular  during 
the  summer  of  1857,  numerous  specimens  of  teeth  and  jaws 
and  detached  bones  have  been  discovered  by  Mr  Beckles  in 
the  middle  Purbecks  of  Dorsetshire — some  of  them  insectivor- 
ous, others  herbivorous,  and  all,  with  one  or  two  exceptions, 
belonging  to  small  marsupial  quadrupeds.  The  discovery, 
therefore,  of  the  mole-rat-like  spalacotherium  in  1854,  and  of 
the  hoofed  hog-like  stereognathus  during  the  same  year,  have 
now  been  followed  by  that  of  the  triconodon  (three-coned 
tooth),  the  plagiaulacodmi  or  plagiaulax  (oblique-grooved 
tooth),  and  others — ^thus  again  correcting  the  hasty  general- 
isations of  limited  observation,  and  pointing  the  warning 
finger  to  those  who  would  attempt  to  dogmatise  on  the 
imperfect  data  which  Geology  has  yet  at  its  command. 

283.  In  the  preceding  paragraphs  we  have  indicated  only 
the  general  palaeontology  of  the  epoch — that  is,  pointed  out 
the  leading  organisms  which  occur  throughout  the  lias,  ooUte, 
and  wealden,  as  constituting  one  great  stratified  system.  The 
student  must  remember,  however,  that  each  group  is  charac- 
terised by  its  own  peculiar  fossils ;  and  that,  while  a  general 
f acies  or  tjrpe  runs  throughout  the  whole,  there  are  species  and 
even  genera  that  never  pass  the  boundaries  of  the  lias,  while 
others  are  restricted  to  the  oolite  or  to  the  wealden.  Thus, 
as  might  be  anticipated,  the  coralline  zoophytes  and  eduno- 
derms  are  found  almost  exclusively  in  the  lower  and  middle 
oolite ;  the  great  mass  of  the  insects  have  as  yet  been  detected 
in  the  wealden;  no  marine  bivalves  or  univalves  need  be 
looked  for  in  the  estuarine  strata  of  the  weald ;  while  hitherto 
the  ichthyosaurus  and  plesiosaurus  have  been  yielded  only  by 
the  strata  of  the  lias  and  upper  oolite.  Looking  again  at 
specific  distinctions,  a  little  practice  in  the  field,  or  study  of 
a  well-arranged  collection,  will  enable  the  observer  to  dis- 
criminate, for  example,  between  the  ammonites  of  the  lias 
and  those  of  the  Oxford  clay ;  between  the  terebratulse  of  the 
lias  and  those  of  the  lower  oolite;  or  even  between  the 
trigonise  of  the  lower  and  upper  oolites.  Each  of  these 
groups  and  series  represents,  in  fact,  a  long  period  of  time 
^^during  which  the  vital  mamiea\.^^\o\ia  of  creation  were  aub- 
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jected  to  the  influences  of  gradually-varying  physical  con- 
ditions—each varying  phase  of  condition  being  characterised 
by  its  own  peculiar  species ;  and  this  altogether  apart  from 
the  local  areas  in  which  the  several  strata  or  series  of  strata 
were  deposited.  Thus  the  deep-sea  beds  of  the  lias  may  be 
expected  a  priori  to  contain  genera  differing  from  those  of 
the  shallower  coral-reefs  of  the  oolite;  while  the  shells  of 
some  land-locked  lagoon  of  the  weald  will  naturally  differ 
from  those  that  live  in  the  brackish  waters  of  its  wider  and 
more  exposed  estuary.  It  is  for  reasons  of  this  kind — reasons 
both  chronological  and  geographical — that  the  fossils  of  the 
lias  are  often  specifically  distinct  from  those  of  the  oolite, 
and  those  of  the  oolite  from  those  of  the  wealden, — though 
throughout  the  whole  there  is  a  certain  f acies  of  resemblance 
that  unites  them  into  one  great  Middle  or  Mesozoic  Life- 
Period,  ^ 

Physical  and  Geographical  Aspects. 

284.  Throughout  the  whole  of  the  oolitic  system  in  Eng- 
land the  area  is  marked  by  faults  and  axial  lines  of  elevation, 
rather  than  by  decided  outbursts  of  trap  or  intersecting  dykes 
of  greenstone.  There  appear  to  be  no  contemporaneous 
effusions  of  igneous  matter,  and,  on  the  whole,  the  strata 
retain  much  of  their  original  sedimentary  flatness.  "The 
parallelism  of  beds  over  large  regions,"  says  Phillips,  "the 
repetitions  of  similar  rocks  at  frequent  intervals,  and  the 
gradual  change  of  the  species  of  organic  remains  through  the 
whole  series,  appear  to  indicate  that  the  long  period  when  the 
oolitic  system  was  deposited,  was  one  in  which  the  ordinary 
operations  of  nature  were  uninterrupted  by  paroxysms  of 
igneous  violence.  On  viewing  the  whole  series  of  these 
strata,  and  considering  the  manner  in  which  their  outcrops 
follow  one  another,  it  appears  that  only  a  very  few  instances 
can  be  pointed  out  where  any  beds  of  the  oolitic  system  are 
really  unconformed  to  others  of  the  same  system  below  them." 
In  the  north  and  west  of  Scotland,  however,  the  detached 
patches  of  lias  and  oolite  are  upheaved  by  granitic  com- 
pounds ;  and  in  France  and  in  Germany,  the  ranges  of  the 
Jura  and  Erzgebirge,  with  their  subordinate  spurs  of  elevation 
and  dislocation,  belong  to  the  period.  In  Virginia,  the  Kich- 
mond  oolites  occur  in  a  depression  of  the  granitic  rocks ;  and 
in  India,  the  Cutch  oolites  have  been  subjected  to  repeated 
igneous  commotion  of  ancient  as  well  as  oi  leceiit  ^^\>^. 
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285.  The  physical  features  of  oolitic  districts,  more  espe- 
cially as  known  to  ns  in  England,  are  by  no  means  impleasing 
— ^the  alternations  of  limestones  and  clays  on  a  grand  scale 
producing  a  succession  of  rounded  ridges  and  sloping  valleys. 
These  undulations  are  very  marked  in  some  districts  of  Eng- 
land and  France,  where  the  limestones,  which  have  resist^ 
denudation,  compose  the  ridges,  and  the  softer  clays  and 
shales  the  valleys.  Comparatively  speaking,  none  of  these 
ridges  are  of  great  height,  the  lower  oolite  rising  in  the  mid- 
land counties  of  England  to  800  or  900  feet,  and  the  middle 
oolite  to  little  more  than  400 — ^and,  being  on  a  limestone  sub- 
soil, are  dry  and  fertile,  and  present  a  marked  contrast  to  the 
stiff  soils  of  the  "coombs"  and  "wolds"  occupied  by  the 
lias  and  wealden  clays.  It  must  not  be  imagined,  however, 
because  oolitic  districts  want  the  boldness  and  abruptness  of 
primary  regions,  that  they  are  altogether  tame  and  devoid 
of  beauty ;  on  the  contrary,  the  steeper  escarpments  of  the 
oolitic  ridges,  rising  in  terrace-like  fashion  above  the  green 
vales  below,  and  occasionally  furrowed  by  streams  into 
wooded  dells  and  gorges,  confer  on  certain  districts  of  Eng- 
land (Bath,  the  Cotteswolds,  <fec.)  every  charm  of  rural  land- 
scape. 

286.  The  areas  overspread  by  the  oolitic  system  are  rather 
limited  and  partial.  It  is  most  typically  developed  in  Eng- 
land, where  the  lias  and  oolite  proper  occupy  a  broad  stripe 
stretching  from  Yorkshire  to  Dorset ;  detached  patches  occur 
in  the  north  and  west  of  Scotland  (Brora,  Skye,  &c.);  and 
portions  of  the  system  are  spread  over  considerable  areas  in 
Germany,  Switzerland,  and  France,  where  the  oolitic  members 
are  generally  known  as  the  "  Jurassic  system."  It  is  found 
skirting  the  Apennines  in  Italy ;  flanking  the  southern  Bima- 
layas;  spreading,  with  workable  seams  of  coal,  over  large 
areas  in  Middle  Hiudostan;  occurring  also  with  seams  of 
coal  in  Borneo  and  the  Indian  Archipelago;  and  recently 
equivalents  with  remains  of  plesiosauri  have  been  detected  in 
Middle  Island,  New  Zealand.  In  America,  the  well-known 
coal-field  of  Kichmond  in  Virginia  belongs  to  this  period,  as 
may  other  areas  in  the  Southern  States  at  present  doubtfully 
referred  to  the  Trias  and  Chalk  formations.  Over  large  areas 
in  Eastern  Europe  and  Northern  Asia  the  formation  is  alto- 
gether unrepresented ;  and  no  decided  equivalents  have  yet 
been  examined  in  Africa  or  South  America.  With  respect  to 
the  Wealden  group,  its  existence  in  England  is  restricted  to 
the  wolds  of  Sussex,  Surrey,  and  Kent ;  it  is  found  on  the 
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western  coast  of  France,  and  equivaJent  beds  have  been 
detected  in  Hanover  and  Westphalia.  Beyond  these  limits 
its  existence  is  yet  unknown  to  geologists. 

287.  Kespecting  the  geographical  conditions  of  the  world 
during  the  deposition  of  the  wealden,  oolite,  and  liassic  strata, 
we  have  already  stated  that  everything  reminds  us  of  a 
genial,  if  not  of  a  tropical,  climate.  *^  "Die  close  approxima- 
tion of  the  amphitherium  and  phascolotherium,"  says  Pro- 
fessor Owen,  "to  marsupial  genera  now  confined  to  New 
South  Wales  and  Van  Diemen's  Land,  leads  us  to  reflect  upon 
the  interesting  correspondence  between  other  organic  remains 
of  the  British  oolite  and  other  existing  forms  now  confined 
to  the  Australian  continent  and  adjoining  seas.  Here,  for 
example,  swims  the  cestradon,  which  has  given  the  key  to  the 
nature  of  the  palates  from  our  oolite,  now  recognised  as  the 
teeth  of  congeneric  gigantic  forms  of  cartilaginous  fishes.  Not 
only  trigonicBy  but  living  terebratulce  exist,  and  the  latter 
abundantly,  in  the  Australian  seas,  yielding  food  to  the 
cestracion,  as  their  extinct  analogues  doubtless  did  to  the 
allied  cartilaginous  fishes  called  acrodi  and  psammodi,  &c. 
Araucariae  and  cycadaceous  plants  likewise  flourish  on  the 
Australian  continent,  where  marsupial  quadrupeds  abound, 
and  thus  appear  to  complete  a  picture  of  an  ancient  condition 
of  the  earth's  surface,  which  has  been  superseded  in  our 
hemisphere  by  other  strata,  and  a  higher  type  of  mammalian 
organisation."  Professor  Phillips  remarks  to  the  same  effect : 
"It  is  interesting  to  know  that  the  earliest  mammalia  of 
which  we  have  yet  any  trace  were  of  the  marsupial  division, 
now  almost  characteristic  of  Australia,  the  country  where 
yet  remain  the  trigonia,  cerithium,  isocardia,  zamia,  tree-fern, 
and  other  forms  of  life  so  analogous  to  those  of  the  oolitic 
periods." 

288.  "During  the  oolitic  period,"  continues  the  latter 
authority,  "  the  arctic  land  was  covered  by  plants  like  those 
of  hot  regions,  whose  vegetable  remains  have  locally  generated 
coal-beds,  adorned  by  coleopterous,  neuropterous,  and  other 
insects,  among  which  the  flying  lizard  (pterodactylus)  spread 
his  filmy  wings.  The  rivers  and  shores  were  watched  by 
saurians  more  or  less  amphibious  (megalosaurus,  iguanodon), 
or  tenanted  by  reptiles  which  by  imaginative  man  have  been 
thought  to  be  the  originals  of  our  gavials  and  crocodiles,  while 
the  sea  was  full  of  forms  of  zoophyta,  moUusca,  articulosa,  and 
fishes.  Undoubtedly  the  general  impression,  gathered  iroixsL  ^ 
survey  of  all  those  monuments  of  eaiUex  cie^Xivoi^a,  \a»^  'Osiai^ 
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they  lived  in  a  warm  climate ;  and  we  might  wonder  that  the 
result  of  all  inquiry  has  shown  no  trace  of  man  or  his  works, 
did  we  not  clearly  perceive  the  oolitic  fossils  to  be  all  veiy 
distinct  from  existing  types,  and  combined  in  such  different 
proportions,  as  to  prove  that  circumstances  then  prevailed  on 
the  globe  materially  different  from  what  we  now  see,  and 
probably  incompatible  with  the  existence  of  those  plants 
and  animals  which  belong  to  the  creation  whereof  man  is 
the  appointed  head." 


Industrial  Products. 

289.  Industrially  the  system  is  by  no  means  void  of  im- 
portance. Some  of  the  oolitic  strata,  like  those  of  Bath, 
Portland,  and  Bamack  in  Northamptonshire,  and  the  marl- 
stone  of  Hornton  and  Chastleton,  form  excellent  building- 
stone,  and  are  extensively  used  for  that  purpose  in  the  soutii 
of  England.  The  well-known  Caen  stone  is  also  a  member 
of  the  same  group ;  while  paving-stones  and  roofing-flags  are 
obtained  from  some  of  its  fissile  sandstones  (Stonesfield,  Colly- 
weston,  &c.),  and  also  from  those  of  the  Wealden  at  Purbeck, 
and  other  parts  of  Sussex.  Both  the  lias  and  oolite  lime- 
stones are  largely  quarried  for  mortar ;  and  the  former,  which 
generally  contain  from  80  to  90  per  cent  of  carbonate,  with 
clay  and  oxide  of  iron,  when  well  prepared,  furnish  an  excel- 
lent hydraulic  cement.  Marbles  of  various  quality  are  pro- 
cured from  the  lower  beds  of  the  Weald,  in  Sussex  ("  Sussex 
or  Petworth  marble"),  and  in  Purbeck  ("Purbeck  marble"); 
and  also  from  some  of  the  coralline  and  shelly  oolites,  as  at 
Whichwood  Forest,  in  Oxfordshire,  whence  the  term  "  Forest 
marble."  The  finer  kinds  of  lias  receive  a  polish,  and  have 
been  tried  with  indifferent  success  for  lithographic  blocks 
— the  chief  supply  of  which  has  long  been  obtained  from 
the  oolitic  beds  of  Solenhofen  and  Dichstadt,  in  the  centre 
of  the  German  Jura.  The  pyritic  shales  of  the  Yorkshire 
lias  yield  on  proper  treatment  and  admixture  the  alum 
of  commerce,  which  at  one  time  was  also  obtained  from  the 
Kimmeridge  clay ;  and  during  the  sulphur  monopoly  of  Sicily, 
several  patents  were  taken  for  the  extraction  of  sulphur  from 
the  same  pyritic  (sulphuret  of  iron)  liassic  strata.  Fuller's 
earth — ^which  is  essentially  composed  of  silica,  alumina,  and 
about  24  per  cent  of  water,  and  like  other  aluminous  marls 
possesses  in  a  high  degree  tlie  ^^lo^etty  of  absorbing  grease— 
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is  a  product  of  tlie  upper  oolite,  and  was  at  one  time  exten- 
sively used  in  the  cleansing  and  scouring  of  woollens.  Iron 
was  at  one  time  extracted  from  the  nodules  and  pisiform  iron- 
sands  of  the  Wealden ;  ironstone  of  workable  quality  occurs 
in  the  oolites  of  Yorki^iire,  and  has  long  been  gathered  along 
the  shores  of  the  same  county  from  the  waste  of  the  lias  cliffs. 
The  great  ironstone  treasury  of  the  system,  however,  is  the 
"Lias  band"  of  Yorkshire.  "This  band,"  says  Phillips, 
"  often  16  feet  thick,  and  of  good  quality,  has  been  worked 
to  great  advantage  at  Eston,  and  other  points  in  Cleveland 
[where,  we  may  add,  it  is  creating  quite  a  revolution  in  the 
appearance  and  industry  of  the  country],  as  well  as  at  Gromont 
Bridge,  in  Eskdale.  Ilie  area  under  which  this  bed  may  be 
worked  measures  some  hundreds  of  square  miles,  with  an 
average  produce  of  20,000  to  50,000  tons  per  acre.  It  dies 
out  southwards,  and  vanishes  about  Thirsk ;  but  there  other 
ironstones  acquire  value  in  the  oolitic  series  above."  A 
similar  band,  and  on  the  same  geological  horizon,  occurs  at 
Adderbury,  in  Oxfordshire,  yielding  about  one  ton  of  iron  for 
three  tons  of  stone;  and  several  beds  are  also  found  and 
worked  along  their  outcrops  in  Lincolnshire  and  Northamp- 
tonshire, yielding  from  24  to  28  per  cent  of  metallic  iron. 
A  bitimiinous  shale,  or  brown  shaly  coal,  with  a  specific  gravity 
of  about  1.32,  and  burning  with  a  dull  smoky  flame,  occurs 
in  the  Kimmeridge  clay,  under  the  name  of  "  Kim  coal,"  and 
has  been  worked  for  the  extraction  of  paraffine,  &c. ;  and  jet 
(which  is  simply  altered  coniferous  wood)  is  found  both  in 
the  wealden  and  lias.  Seams  of  coal,  which  are  sometimes 
workable,  occur  in  the  system,  as  in  the  oolite  at  Gristhorp, 
in  Yorkshire ;  at  Brora,  in  Sutherlandshire ;  at  several  places 
in  the  German  wealdens,  from  2  to  3  feet  thick;  on  the 
southern  flanks  of  the  Caucasus ;  in  the  East  India  oolites ; 
and  notably  at  Richmond,  in  Virginia,  where  a  valuable  field 
extends  about  26  miles  in  length,  and  from  4  to  12  in  breadth; 
and  from  the  associated  flora  appears  to  be  of  lower  Jurassic 
or  upper  Triassic  age. 

290.  To  divest  the  student's  mind  of  the  common  but 
mistaken  notion  that  coal  is  only  a  product  of  the  car- 
boniferous era,  we  transcribe  the  following  from  Sir  Charles 
Lyell's  description  of  the  Richmond  coal  -  field :  "  These 
Virginian  coal-measures  are  composed  of  grits,  sandstones, 
and  shales,  exactly  resembling  those  of  older  or  primary  date 
in  America  and  Europe,  and  they  rival,  or  even  aur^aaa^  ^^ 
latter  in  the  richness  and  thickness  of  tbie  co^-ae^jroa.    ^xl^  ^*^ 


330  OOLITIC   OR  JURASSIC   SYSTEM. 

these — the  main  seam — is  in  some  places  *from'3o  to  40  feet 
thick,  composed  of  pure  bituminous  coaL  On  descending  a 
shaft,  800  feet  deep,  in  the  Blackheath  mines  in  Chesterfield 
County,  I  found  myself  in  a  chamber  more  than  40  feet  high, 
caused  by  the  removal  of  the  coaL  Timber  props,  of  great 
strength,  supported  the  roof;  but  they  were  seen  to  bend 
under  the  incumbent  weights.  The  coal  is  like  the  finest 
kinds  shipped  at  Newcastle,  and  when  analysed  yields  the 
same  proportions  of  carbon  and  hydrogen — a  fact  worthy  of 
notice  when  we  consider  that  this  fuel  has  been  derived  from 
an  assemblage  of  plants  very  distinct  specifically,  and  in  part 
generically,  from  those  which  have  contributed  to  the  forma- 
tion of  the  ancient  or  palaeozoic  coal."  In  fact,  as  before 
mentioned,  coal  (though  the  great  available  coal-fields  of 
Europe  and  America  belong  to  the  Carboniferous  period)  is  the 
product  of  no  epoch  in  particular,  or  rather  is  a  product  of  all 
epochs — the  graphites  of  Laurentia,  the  anthracites  of  Siluria, 
the  coals  of  the  Carboniferous  and  Oolitic  systems,  the  lignites 
of  the  Chalk  and  Tertiary,  and  the  peat  of  the  current  era,  being 
merely  the  representatives  of  one  and  the  same  material  in 
different  stages  of  mineralisation.  Wherever  climatic  condi- 
tions and  distribution  of  sea  and  land  are  favourable  to  vege- 
table growth,  there  coal  will  be  formed — its  extent,  thickness, 
number  of  seams,  and  purity  depending  upon  local  causes 
and  the  length  of  time  they  were  allowed  to  operate. 


NOTE,   RECAPITULATORY  AND   EXPLANATORY. 

291.  The  Oolitic  system,  as  typically  developed  in  England, 
is  separable  into  three  well-marked  groups — the  Lias,  the 
Oolite,  and  Wealden.  So  distinct  in  many  respects  are  these 
groups,  that  they  are  sometimes  treated  as  independent 
systems,  and  in  all  likelihood  the  progress  of  discovery  will 
compel  either  this  arrangement,  or  the  grouping  of  the  lias  and 
oolite  into  one  inseparable  system,  and  the  association  of  the 
Wealden  with  the  lower  greensands  of  the  cretaceous  era.  As 
it  is,  we  have  adopted  the  usual  grouping,  which  may  be 
briefly  tabulated  as  follows : — 

(  Hastings  sands. 
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Middle, 
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/  Purbeck  beds, 

Portland  stone  and  Shotover  sand,  ^  Upper, 

Kimmeridge  clay, 

Coral  rag, 

Oxford  clay  and  Kelloway  rock, 
\  Cornbrash  and  forest  marble, 

Bath  or  great  oolite, 

Stonesfield  slate,  « 

Fuller's  earth  and  clay, 
^  Inferior  oolite, 

/  Upper  lias  clay  or  shale. 
I  Marlstone. 

I  Lower  lias  clay  or  shale. 
\Lias  rock. 


>  Lower, 


rom  the  preceding  synopsis,  it  will  be  seen  that  the  system 
mainly  composed  of  argillaceous  limestones,  limestones  of 
»litic  texture,  calcareous  sandstones,  shelly  and  coralline 
its,  clays,  pyritous  shales,  and  ironstone,  with  seams  of  coal, 
b,  and  lignite.  All  the  members  are  well  developed  in  Eng- 
nd ;  it  is  chiefly  the  lias  and  oolite  that  are  found  in  France, 
vitzerland,  and  Germany;  patches  of  the  lias  and  oolite 
cur  in  Scotland ;  the  oolite  alone  in  Hindostan  and  North 
merica ;  and  beds  of  Wealden  epoch  have  been  detected  in 
anover  and  Westphalia.  As  deposits,  the  lias  and  oolite  are 
ttinently  marine,  though  occasionally  exhibiting  evidence  of 
temate  elevation  and  depression ;  while  the  Wealden  and 
irbeck  beds  display  frequent  alternations  of  marine  with 
Bsh-water  or  estuarine  conditions. 

292.  On  the  whole,  it  is  not  difficult  to  imagine  the  condi- 
ms  under  which  the  entire  suite  of  strata  was  deposited — 
as,  shores,  and  estuaries  of  varying  and  variable  depth,  were 
.6  great  receptacles  of  the  heterogeneous  sediments  which 
mpose  the  system — deep  and  tranquil  waters  for  the  finely 
minated  lias,  exposed  shores  and  shallower  waters  for  the 
ally  grits  and  coralline  conglomerates  of  the  oolite,  and  vast 
uddy  estuaries  for  the  clays  and  shales  of  the  wealden;  while 
'er  the  whole  areas  there  were  repeated  elevations  and 
jpressions  of  sea-bottom  as  well  as  of  terrestrial  surface 
16  "  dirt-bed,"  <fec.)  Such  were  evidently  the  conditions  of 
filiation  in  general  terms;  but  at  the  same  time,  over  limited 
eas  of  the  lias  there  must  have  been  sudden  influxes  of 
rbid  and  mineral-impregnated  waters,  to  cause  the  sudden 
ath  of  the  saurians  and  other  marine  creatures  which  crowd 
rtain  spaces  without  a  single  scale  or  bone  being  teoia^^^ 
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285.  The  physical  features  of  oolitic  districts,  more  espe- 
cially as  known  to  us  in  England,  are  by  no  means  unpleasing 
— the  alternations  of  limestones  and  clays  on  a  grand  scale 
producing  a  succession  of  rounded  ridges  and  sloping  valleys. 
These  undulations  are  very  marked  in  some  districts  of  Eng- 
land and  France,  where  the  limestones,  which  have  resisted 
denudation,  compose  the  ridges,  and  the  softer  clays  and 
shales  the  valleys.  Comparatively  speaking,  none  of  these 
ridges  are  of  great  height,  the  lower  oolite  rising  in  the  mid- 
land counties  of  England  to  800  or  900  feet,  and  the  middle 
oolite  to  little  more  than  400 — and,  being  on  a  limestone  sub- 
soil, are  dry  and  fertile,  and  present  a  marked  contrast  to  the 
stiff  soils  of  the  "coombs"  and  "wolds"  occupied  by  the 
lias  and  wealden  clays.  It  must  not  be  imagined,  however, 
because  oolitic  districts  want  the  boldness  and  abruptness  of 
primary  regions,  that  they  are  altogether  tame  and  devoid 
of  beauty ;  on  the  contrary,  the  steeper  escarpments  of  the 
oolitic  ridges,  rising  in  terrace-like  fashion  above  the  green 
vales  below,  and  occasionally  furrowed  by  streams  into 
wooded  dells  and  gorges,  confer  on  certain  districts  of  Eng- 
land (Bath,  the  Cotteswolds,  <fec.)  every  charm  of  rural  land- 
scape. 

286.  The  areas  overspread  by  the  oolitic  system  are  rather 
limited  and  partial.  It  is  most  typically  developed  in  Eng- 
land, where  the  lias  and  oolite  proper  occupy  a  broad  stripe 
stretching  from  Yorkshire  to  Dorset ;  detached  patches  occur 
in  the  north  and  west  of  Scotland  (Brora,  Skye,  &c.);  and 
portions  of  the  system  are  spread  over  considerable  areas  in 
Germany,  Switzerland,  and  France,  where  the  oolitic  memb^s 
are  generally  known  as  the  "  Jurassic  system."  It  is  found 
skirting  the  Apennines  in  Italy ;  flanking  the  southern  Hima- 
layas; spreading,  with  workable  seams  of  coal,  over  large 
areas  in  Middle  Hindostan;  occurring  also  with  seams  of 
coal  in  Borneo  and  the  Indian  Archipelago;  and  recently 
equivalents  with  remains  of  plesiosauri  have  been  detected  in 
Middle  Island,  New  Zealand.  In  America,  the  well-known 
coal-field  of  Kichmond  in  Virginia  belongs  to  this  period,  as 
may  other  areas  in  the  Southern  States  at  present  doubtfully 
referred  to  the  Trias  and  Chalk  formations.  Over  large  areas 
in  Eastern  Europe  and  Northern  Asia  the  formation  is  alto- 
gether unrepresented ;  and  no  decided  equivalents  have  yet 
been  examined  in  Africa  or  South  America.  With  respect  to 
the  Wealden  group,  its  existence  in  England  is  restricted  to 
the  wolds  of  Sussex,  Sxxiiey,  ^ii^^^\i\,*/\\,  S&  iound  on  the 
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western  coast  of  France,  and  equivalent  beds  have  been 
detected  in  Hanover  and  Westphalia.  Beyond  these  limits 
its  existence  is  yet  unknown  to  geologists. 

287.  Bespecting  the  geographical  conditions  of  the  world 
during  the  deposition  of  the  wealden,  oolite,  and  liassic  strata, 
we  have  already  stated  that  everything  reminds  us  of  a 
genial,  if  not  of  a  tropical,  climate.  "  The  close  approxima- 
tion of  the  amphitherium  and  phascolotherium,''  says  Pro- 
fessor Owen,  "to  marsupial  genera  now  confined  to  New 
South  Wales  and  Van  Diemen's  Land,  leads  us  to  reflect  upon 
the  interesting  correspondence  between  other  organic  remains 
of  the  British  oolite  and  other  existing  forms  now  confined 
to  the  Australian  continent  and  adjoining  seas.  Here,  for 
example,  swims  the  cestraciorif  which  has  given  the  key  to  the 
nature  of  the  palates  from  our  oolite,  now  recognised  as  the 
teeth  of  congeneric  gigantic  forms  of  cartilaginous  fishes.  Not 
only  trigonioe,  but  living  terebratulce  exist,  and  the  latter 
abundantly,  in  the  Australian  seas,  yielding  food  to  the 
cestracion,  as  their  extinct  analogues  doubtless  did  to  the 
allied  cartilaginous  fishes  called  acrodi  and  psammodi,  &c. 
Araucariae  and  cycadaceous  plants  likewise  flourish  on  the 
Australian  continent,  where  marsupial  quadrupeds  abound, 
and  thus  appear  to  complete  a  picture  of  an  ancient  condition 
of  the  earth's  surface,  which  has  been  superseded  in  our 
hemisphere  by  other  strata,  and  a  higher  type  of  mammalian 
organisation."  Professor  Phillips  remarks  to  the  same  effect : 
"It  is  interesting  to  know  that  the  earliest  mammalia  of 
which  we  have  yet  any  trace  were  of  the  marsupial  division, 
now  almost  characteristic  of  Australia,  the  country  where 
yet  remain  the  trigonia,  cerithium,  isocardia,  zamia,  tree-fern, 
and  other  forms  of  life  so  analogous  to  those  of  the  oolitic 
periods." 

288.  "During  the  oolitic  period,"  continues  the  latter 
authority,  "  the  arctic  land  was  covered  by  plants  like  those 
of  hot  regions,  whose  vegetable  remains  have  locally  generated 
coal-beds,  adorned  by  coleopterous,  neuropterous,  and  other 
insects,  among  which  the  flying  lizard  (pterodactylus)  spread 
his  filmy  wings.  The  rivers  and  shores  were  watched  by 
saunans  more  or  less  amphibious  (megalosaurus,  iguanodou), 
or  tenanted  by  reptiles  which  by  imaginative  man  have  been 
thought  to  be  the  originals  of  our  gavials  and  crocodiles,  while 
the  sea  was  full  of  forms  of  zoophyta,  mollusca,  articulosa,  and 
fishes.  Undoubtedly  the  general  impression,  ga.th.ex^<i  i\Q>\s>L  ^ 
survey  of  all  those  monuments  of  eaxliex  cieaXioi^a,  Sa^  'Caai^ 
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they  lived  in  a  warm  climate ;  and  we  might  wonder  that  the 
result  of  all  inquiry  has  shown  no  trace  of  man  or  his  works, 
did  we  not  clearly  perceive  the  oolitic  fossils  to  be  all  veiy 
distinct  from  existing  types,  and  combined  in  such  different 
proportions,  as  to  prove  that  circumstances  then  prevailed  on 
the  globe  materially  different  from  what  we  now  see,  and 
probably  incompatible  with  the  existence  of  those  plants 
and  animals  which  belong  to  the  creation  whereof  man  is 
the  appointed  head.'' 


Industrial  Products. 

289.  Industrially  the  system  is  by  no  means  void'  of  im- 
portance. Some  of  the  oolitic  strata,  like  those  of  Bath, 
Portland,  and  Bamack  in  Northamptonshire,  and  the  marl- 
stone  of  Homton  and  Chastleton,  form  excellent  building- 
stone,  and  are  extensively  used  for  that  purpose  in  the  soutii 
of  England.  The  well-known  Caen  stone  is  also  a  member 
of  the  same  group ;  while  paving-stones  and  roofing-flags  are 
obtained  from  some  of  its  fissile  sandstones  (Stonesfield,  CoUy- 
weston,  &c.),  and  also  from  those  of  the  Wealden  at  Purbeck, 
and  other  parts  of  Sussex.  Both  the  lias  and  oolite  lime- 
stones are  largely  quarried  for  mortar ;  and  the  former,  which 
generally  contain  from  80  to  90  per  cent  of  carbonate,  with 
clay  and  oxide  of  iron,  when  well  prepared,  furnish  an  excel- 
lent hydraulic  cement.  Marbles  of  various  quality  are  pro- 
cured from  the  lower  beds  of  the  Weald,  in  Sussex  ("  Sussex 
or  Petworth  marble"),  and  in  Purbeck  ("Purbeck  marble"); 
and  also  from  some  of  the  coralline  and  shelly  oolites,  as  at 
Whichwood  Forest,  in  Oxfordshire,  whence  the  term  "Forest 
marble."  The  finer  kinds  of  lias  receive  a  polish,  aiid  have 
been  tried  with  indifferent  success  for  Hthographic  blocks 
— ^the  chief  supply  of  which  has  long  been  obtained  from 
the  oolitic  beds  of  Solenhofen  and  Dichstadt,  in  the  centre 
of  the  German  Jura.  The  pyritic  shales  of  the  Yorkshire 
lias  yield  on  proper  treatment  and  admixture  the  cdum 
of  commerce,  which  at  one  time  was  also  obtained  from  the 
Kimmeridge  clay ;  and  during  the  sulphur  monopoly  of  Sicily, 
several  patents  were  taken  for  the  extraction  of  sulphur  from 
the  same  p3rritic  (sulphuret  of  iron)  liassic  strata.  Fuller's 
earth — ^which  is  essentially  composed  of  silica,  alumina,  and 
about  24  per  cent  of  water,  and  like  other  aluminous  marls 
possesses  in  a  higli  degree  tW  Tgto^etN;^  qI  ^'ewthing  grease— 
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is  a  product  of  the  upper  oolite,  and  was  at  one  time  exten- 
sively used  in  the  cleansing  and  scouring  of  woollens.  Iron 
was  at  one  time  extracted  from  the  nodules  and  pisiform  iron- 
sands  of  the  Wealden ;  ironstone  of  workable  quality  occurs 
in  the  oolites  of  Yorkshire,  and  has  long  been  gathered  along 
the  shores  of  the  same  county  from  the  waste  of  the  lias  clififs. 
The  great  ironstone  treasury  of  the  system,  however,  is  the 
"  Lias  band "  of  Yorkshire.  "  This  band,"  says  Phillips, 
"  often  16  feet  thick,  and  of  good  quality,  has  been  worked 
to  great  advantage  at  Eston,  and  other  points  in  Cleveland 
[where,  we  may  add,  it  is  creating  quite  a  revolution  in  the 
appearance  and  industry  of  the  country],  as  well  as  at  Gromont 
Bridge,  in  Eskdale.  The  area  under  which  this  bed  may  be 
worked  measures  some  hundreds  of  square  miles,  with  an 
average  produce  of  20,000  to  50,000  tons  per  acre.  It  dies 
out  southwards,  and  vanishes  about  Thirsk ;  but  there  other 
ironstones  acquire  value  in  the  oolitic  series  above."  A 
similar  band,  and  on  the  same  geological  horizon,  occurs  at 
Adderbury,  in  Oxfordshire,  yielding  about  one  ton  of  iron  for 
three  tons  of  stone;  and  several  beds  are  also  found  and 
worked  along  their  outcrops  in  Lincolnshire  and  Northamp- 
tonshire, yielding  from  24  to  28  per  cent  of  metallic  iron* 
A  bituminous  shale,  or  brown  shaly  coal,  with  a  specific  gravity 
of  about  1.32,  and  burning  with  a  dull  smoky  flame,  occurs 
in  the  Kimmeridge  clay,  under  the  name  of  "  Kim  coal,"  and 
has  been  worked  for  the  extraction  of  paraffine,  &c. ;  and  jet 
(which  is  simply  altered  coniferous  wood)  is  found  both  in 
the  wealden  and  lias.  Seams  of  coal,  which  are  sometimes 
workable,  occur  in  the  system,  as  in  the  oolite  at  Gristhorp, 
in  Yorkshire ;  at  Brora,  in  Sutherlandshire ;  at  several  places 
in  the  German  wealdens,  from  2  to  3  feet  thick;  on  the 
southern  flanks  of  the  Caucasus ;  in  the  East  India  oolites ; 
and  notably  at  Richmond,  in  Virginia,  where  a  valuable  field 
extends  about  26  miles  in  length,  and  from  4  to  12  in  breadth; 
and  from  the  associated  flora  appears  to  be  of  lower  Jurassic 
or  upper  Triassic  age. 

290.  To  divest  the  student's  mind  of  the  common  but 
mistaken  notion  that  coal  is  only  a  product  of  the  car- 
boniferous era,  we  transcribe  the  following  from  Sir  Charles 
Lyell's  description  of  the  Richmond  coal  -  field :  "  These 
Virginian  coal-measures  are  composed  of  grits,  sandstones, 
and  shales,  exactly  resembling  those  of  older  or  primary  date 
in  America  and  Europe,  and  they  rival,  01  even  smt^^ss*,  *OcL<i 
latter  in  the  richness  and  thickness  o£  ttie  coaVae^TOL'a.     Ci\i^  s^ 
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these — the  main  seam — is  in  some  places 'from' 30  to  40  feet 
thick,  composed  of  pure  bituminous  coaL  On  descending  a 
shaft,  800  feet  deep,  in  the  Blackheath  mines  in  Chesterfield 
County,  I  found  myself  in  a  chamber  more  than  40  feet  high, 
caused  by  the  removal  of  the  coaL  Timber  props,  of  great 
strength,  supported  the  roof;  but  they  were  seen  to  bend 
under  the  incumbent  weights.  The  coal  is  like  the  finest 
kinds  shipped  at  Newcastle,  and  when  analysed  yields  the 
same  proportions  of  carbon  and  hydrogen — a  fact  worthy  of 
notice  when  we  consider  that  this  fuel  has  been  derived  from 
an  assemblage  of  plants  very  distinct  specifically,  and  in  part 
generically,  from  those  which  have  contributed  to  the  forma- 
tion of  the  ancient  or  palaeozoic  coal."  In  fact,  as  before 
mentioned,  coal  (though  the  great  available  coal-fields  of 
Europe  and  America  belong  to  the  Carboniferous  period)  is  the 
product  of  no  epoch  in  particular,  or  rather  is  a  product  of  all 
epochs — the  graphites  of  Laurentia,  the  anthracites  of  Siluria, 
the  coals  of  the  Carboniferous  and  Oolitic  systems,  the  lignites 
of  the  Chalk  and  Tertiary,  and  the  peat  of  the  current  era,  being 
merely  the  representatives  of  one  and  the  same  material  in 
different  stages  of  mineralisation.  Wherever  climatic  condi- 
tions and  distribution  of  sea  and  land  are  favourable  to  vege- 
table growth,  there  coal  will  be  formed — its  extent,  thickness, 
number  of  seams,  and  purity  depending  upon  local  causes 
and  the  length  of  time  they  were  allowed  to  operate. 


NOTE,   RECAPITULATORY  AND   EXPLANATORY. 

291.  The  Oolitic  system,  as  typically  developed  in  England, 
is  separable  into  three  well-marked  groups — the  Lias,  the 
Oolite,  and  Wealden.  So  distinct  in  many  respects  are  these 
groups,  that  they  are  sometimes  treated  as  independent 
systems,  and  in  all  likelihood  the  progress  of  discovery  will 
compel  either  this  arrangement,  or  the  grouping  of  the  lias  and 
oolite  into  one  inseparable  system,  and  the  association  of  the 
Wealden  with  the  lower  greensands  of  the  cretaceous  era.  As 
it  is,  we  have  adopted  the  usual  grouping,  which  may  be 
briefly  tabulated  as  follows  : — 

Wealden.       \  ^^^}^  ^^^y«- 

I  Hastings  sands. 


Oolitic 
Jurassic. 
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/  Purbeck  beds,  ) 

Portland  stone  and  Shotover  sand,  >  Upper, 
Kunmeridge  clay,  ) 

Coral  rag,  >  Middl 

Oxford  clay  and  Kelloway  rock,  ^' 

Combrash  and  forest  marble, 
Bath  or  great  oolite, 

Stonesfield  slate,  ,      ^  Lower, 

Fuller*8  earth  and  clay, 

,  Inferior  oolite, 

/  Upper  lias  clay  or  shale. 
J  Marlstone. 
^^^^^^^'        \  Lower  Uas  clay  or  shale. 
\Lias  rock. 

From  the  preceding  synopsis,  it  will  be  seen  that  the  system 
is  mainly  composed  of  argillaceous  limestones,  limestones  of 
oolitic  texture,  calcareous  sandstones,  shelly  and  coralline 
grits,  clays,  pyritous  shales,  and  ironstone,  with  seams  of  coal, 
jet,  and  lignite.  All  the  members  are  well  developed  in  Eng- 
land ;  it  is  chiefly  the  lias  and  oolite  that  are  found  in  France, 
Switzerland,  and  Germany;  patches  of  the  lias  and  oolite 
occur  in  Scotland ;  the  oolite  alone  in  Hindostan  and  North 
America ;  and  beds  of  Wealden  epoch  have  been  detected  in 
Hanover  and  Westphalia.  As  deposits,  the  lias  and  oolite  are 
eminently  marine,  though  occasionally  exhibiting  evidence  of 
alternate  elevation  and  depression ;  while  the  Wealden  and 
Purbeck  beds  display  frequent  alternations  of  marine  with 
fresh-water  or  estuarine  conditions. 

292.  On  the  whole,  it  is  not  difficult  to  imagine  the  condi- 
tions under  which  the  entire  suite  of  strata  was  deposited — 
seas,  shores,  and  estuaries  of  varying  and  variable  depth,  were 
the  great  receptacles  of  the  heterogeneous  sediments  which 
compose  the  system — deep  and  tranquil  waters  for  the  finely 
laminated  lias,  exposed  shores  and  shallower  waters  for  the 
shelly  grits  and  coralline  conglomerates  of  the  oolite,  and  vast 
muddy  estuaries  for  the  clays  and  shales  of  the  wealden;  while 
over  the  whole  areas  there  were  repeated  elevations  and 
depressions  of  sea-bottom  as  well  as  of  terrestrial  surface 
(the  "  dirt-bed,"  &c.)  Such  were  evidently  the  conditions  of 
formation  in  general  terms;  but  at  the  same  time,  over  limited 
areas  of  the  lias  there  must  have  been  sudden  influxes  of 
turbid  and  mineral-impregnated  waters,  to  cause  the  sudden 
death  of  the  saurians  and  other  marine  creatures  which  crowd 
certain  spaces  without  a  single  scale  or  bone  bem^  x^'tCL'cs^^'^ 
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from  its  place — clear  and  tranquil  waters  favourable  to  the 
long  slow  growth  of  the  corals  of  the  oolite — and  again,  fre- 
quent osciDations  of  surface  and  varying  estuary  areas  to 
account  for  the  frequent  alternations  of  the  marine  and  fresh- 
water exuviae  that  occur  in  the  Purbeck  and  Wealden  strata. 
The  prevalence  of  the  oolite  texture  in  so  many  of  the  strata, 
presents  also  some  difficulties  of  formation.  It  is  true  that 
many  of  the  so-called  oolites  are  merely  calcareous  grits, — 
some  composed  of  comminuted  shells  and  corals,  and  others  of 
sandy  particles  coated  with  lime.  But  the  true  oolites,  or 
roestones,  seem  to  be  more  of  chemical  than  of  mechanical 
origin,  and  point  to  conditions  analogous  to  those  which  favour 
the  formation  of  the  calcareous  pisolites  of  Carlsbad  and 
other  mineral  waters. 

293.  Commenting  on  the  curious  alternations  of  muddy 
shales  and  limestones  that  compose  the  oolitic  system.  Sir 
Charles  Lyell  remarks :  "  In  order  to  account  for  such  a  suc- 
cession of  events,  we  may  imagine,  first,  the  bed  of  the  ocean 
to  be  the  receptacle  for  ages  of  fine  argillaceous  sediment, 
brought  by  oceanic  currents,  which  may  have  communicated 
with  rivers,  or  with  part  of  the  sea  near  a  wasting  coast. 
This  mud  ceases  at  length  to  be  conveyed  to  the  same  region, 
either  because  the  land  which  had  previously  suffered  denu- 
dation is  suppressed  and  submerged,  or  because  the  current  is 
deflected  in  another  direction  by  the  altered  shape  of  the  bed 
of  the  ocean  and  neighbouring  dry  land.  By  such  changes 
the  water  becomes  once  more  clear  and  fit  for  the  growth  of 
stony  zoophytes.  Calcareous  sand  is  then  formed  from  com- 
minuted shells  and  coral,  or  in  some  cases  arenaceous  matter 
replaces  the  clay ;  because  it  commonly  happens  that  the  finer 
sediment,  being  first  drifted  farthest  from  coasts,  is  subse- 
quently overspread  by  coarse  sand,  after  the  sea  has  grown 
shallower,  or  when  the  land,  increasing  in  extent,  whether  by 
upheaval  or  by  sediment  filling  up  parts  of  the  sea,  has  ap- 
proached nearer  to  the  spots  first  occupied  by  fine  mud.  In 
order  to  account  for  another  great  formation,  like  the  Oxford 
clay,  again  covering  one  of  coral  limestone,  we  must  suppose 
a  sinking  down  like  that  which  is  now  taking  place  in  some 
existing  regions  of  coral  between  Australia  and  South  America. 
The  occurrence  of  subsidences,  on  so  vast  a  scale,  may  have 
caused  the  bed  of  the  ocean,  and  the  adjoining  land,  through- 
out great  parts  of  the  European  area,  to  assume  a  shape 
favourable  to.  the  deposv.\.ioii  oi  ^wother  set  of  clayey  strata; 
and  this  change  may  liavft\)eeii  swLC^^^^^^\i^  ^^\<^^1  events 
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analogous  to  that  already  explained,  and  these  again  by  a  third 
series  in  similar  order.  Both  the  ascending  and  descend- 
ing movements  may  have  been  extremely  slow,  like  those  now 
going  on  in  the  Pacific ;  and  the  growth  of  every  stratum  of 
coral,  a  few  feet  of  thickness,  may  have  required  centuries  for 
its  completion,  during  which  certain  species  of  organic  beings 
disappeared  from  the  earth,  and  others  were  introduced  in 
their  place ;  so  that  in  each  set  of  strata,  from  the  Lias  to  the 
Upper  Oolite,  some  peculiar  and  characteristic  fossils  were 
embedded." 

294.  With  the  exception  of  the  higher  mammalia,  almost 
every  existing  order  is  represented  in  the  fauna  of  the  oolite, 
but  the  forms  are  all  Mesozoic,  and  died  out  at  the  close  of 
the  chalk  era.  The  vegetation  of  the  system  is  also  extremely 
varied,  but  the  highest  orders  appear  to  be  coniferous,  and  as 
yet  no  cample  of  a  true  exogenous  timber-tree  has  been  de- 
tected. Of  its  numerous  fossils  the  most  characteristic  are  the 
q/cadacece,  of  which  the  stems,  fruits,  and  leaves  are  found  in 
abundance  ;  the  shells  of  the  grypJiasa^  so  peculiarly  plentiful 
in  the  lias ;  the  ammonites  and  helemnites  of  innumerable  spe- 
cies ;  the  insects  of  the  lias  and  weald ;  the  pteroddctyle,  or 
flying-lizard ;  the  fresh-water  and  marine  turtles ;  and,  above 
all,  the  ichthyosaurus,  plesiosaurus,  and  other  sauroid  reptiles, 
whose  marvellous  forms  and  variety  have  suggested  for  the 
oolite  the  not  inappropriate  title  of  "the  age  of  reptiles." 
Still  higher  in  the  scale  of  being  than  these  are  the  warm- 
blooded marsupial  mammals,  amphitherium,  phascolotherium, 
spalacotherium,  stereognathus,  triconodon,  and  plagiaulax — ^the 
earliest  of  their  kind  yet  detected  in  the  crust  of  the  earth. 

[Touching  the  Flora  and  Fauna  of  the  Oolitic  or  Jurassic  system,  it  may 
"be  briefly  stated  that  we  have  representatives  of  every  order  with  the 
exception  of  the  higher  Exogens  and  Manmialia, — ^among  plants  we  have 
algae,  equisetums,  lycopods,  ferns,  zamias,  cycads,  palms,  and  coniferse ;  and 
among  animals,  foraminifera,  sponges,  corals,  crinoids,  echinoderms,  anne- 
lids, Crustacea,  insects,  molluscs,  reptiles,  birds,  and  marsupial  or  apla- 
cental  mammals.] 

295.  The  system,  as  developed  in  England,  has  received  a 
vast  amount  of  attention  both  in  its  stratigraphical  and  palse- 
ontological  relations.  To  mention  all  that  has  been  written 
by  local  observers  since  the  time  of  William  Smith,  would  be 
to  catalogue  a  large  proportion  of  the  papers  both  in  the  Tran- 
sactions and  Journal  of  the  Geological  Society ,  "^^  ^i.'scw  ov^ 
refer  the  student  to  the  more  important  coiitii\i\i\A.OTi«»  q»1  Q.ws^- 
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beare,  Fitton,  Webster,  Weston,  Buckland,  De  la  Beche,  Scrope, 
Mantell,  Murcbisoii,  Sedgwick,  Lonsdale,  Strickland,  Mid 
others,  though  now  of  some  date ;  to  the  '  Reports  of  the  Brit- 
ish Association '  fur  the  papers  of  Morris,  Forbes,  Brodie,  &c, 


and  aha  to  the  '  Memoirs  and  Decades  of  the  Geological  Sar- 
vey '  Very  valuable  iniormaSio-n -w'-W  «iao  »ie  obtained  from 
pMllinR'fl 'Manual  oi  QeoVogs,'  <iffl.?. -l. •.  ^v^ -flM. ' ^i»fe«a 
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of  Yorkshire,'  and  from  the  '  Geology  of  the  Valley  of  the 
Thames,  1871,'  by  the  same  author;  from  Conybeare's  'Geo- 
logy of  England ; '  Dr  Oppel's  various  works  on  the  Jur- 
assic formation,  ranging  from  1856  to  1865;  Brodie'a  'Me- 
moir on  Fossil  Insects  ; '  Baron  de  Zigno'a  '  Fossil  Flora  of  the 
Oolitic  Formation;'  the  monographa  of  the  ' Palseontologi- 
cal  Society  ; '  Mantell's  '  Geology  of  Sussex,'  for  the  Wealden 
group ;  and  Buckland's  '  Bridgewatcr  Treatise,'  for  much  that 
relates  to  the  structure,  functions,  and  habits  of  the  encriiiites, 
cephalopods,  and  sauriana  of  the  period.  The  papers  of  Pro- 
fessor Owen  on  the  oolitic  mammals  appear  in  the  '  Geologi- 
cal Journal ;'  his  report  on  fossil  reptiles  in  the  British  Asso- 
ciation's volume  for  1841 ;  his  new  arrangement  of  the  reptilia 
in  the  Association's  volume  for  1859,  and  in  his  '  Falieonto- 
logy,  A  fair  idea  of  the  configuration  and  enormous  dimen- 
sions of  the  saurians  of  the  period  may  also  be  obtained  by 
an  inspection  of  the  elaborate  models  in  the  grounds  of  the 
CryatEd  Palace — due  allowance  being  made  for  such  details 
as  more  perfect  specimeua  will  enable  the  modeller  1 
to  correct  or  supply. 
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THE   CHALK   OR  CRETACEOUS  SYSTEM: 

COMPRISING 1,  THE  GEEENSAND  ;  AND,  2,  THE  CHALK 

GROUPS. 

296.    Immediately  above  the  fresh -water  beds  of  the 
Wealden  in  the  south  of  England  occurs  a  set  of  well-defined 
marine  sands,  dark  marl-clays,  and  thick  beds  of  chalk — ^a 
white  earthy  carbonate  of  lime,  with  which  every  one  in 
Britain  must  be  less  or  more  familiar.     These  strata,  which 
seldom  exceed  in  the  aggregate  1000  or  1500  feet  in  thick- 
ness, constitute  the   Cretaceous  system  —  chalk  (Lat.  creto) 
being  the   most  prominent  and  remarkable  feature  in  the 
formation.     Though  neither  of  great  thickness  nor  widely 
developed  as  to  area,  the  Chalk  is  in  many  respects  one  of  the 
most  remarkable  systems  in  the  stratified  crust,  and  has  conr 
sequently  long  attracted  the  research  of  geologists.     Mineral- 
.ogically,  indeed,  it  forms  a  most  distinctive  stage  among  the 
sedimentary  rocks ;  and  in  general  the  observer  has  as  little 
difficulty  in  determining  its  limits  by  lithological  aids  alone, 
as  he  has  in  discriminating  the  coal-measures,  the  mountain 
limestone,  or  any  other  boldly  -  marked  formation.     As  the 
uppermost  member  of  the  yoimger  secondaries,  it  closes  the 
record  of  Mesozoic  life ;  and  of  the  innumerable  species  which 
composed  the  flora  and  fauna  of  the  secondary  epochs,  com- 
paratively few  have  as  yet  been  detected  in  the  Tertiary  strata 
of  Europe.     It  has  been  customary  for  certain  geologists, 
generalising  from  limited  tiaeta  in  Europe,  to  draw  a  bold 
line  of  demarcation  "between.  VXi^  OJiaSK.^TA\Je^^^ax^ — so  bold 
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that  not  a  single  species  was  regarded  as  passing  from  the  one 
epoch  to  the  other.  This,  like  many  of  the  earlier  conclusions 
of  the  science,  is  altogether  erroneous;  and  now,  even  in 
Europe,  to  say  nothing  of  North  America,  abundant  passage- 
beds  have  been  detected,  showing  in  this,  as  in  every  other 
instance,  that  abrupt  transitions  are  at  the  most  merely  local 
and  limited  phenomena.  The  submergence  of  old  lands,  and 
the  elevation  of  the  sea-'bed  into  new  islands  and  continents, 
is  a  slow  and  gradual  process :  it  is  never  cataclysmal  save 
over  the  most  partial  and  isolated  tracts ;  and  only  in  such 
tracts  is  there  a  chance  of  any  genus  or  species  being  suddenly 
extinguished. 


Lithological  Composition. 

297.  Lithologically,  the  Cretaceous  system  in  Britain  is 
composed  of  calcareous,  argillaceous,  and  arenaceous  strata — 
the  former  predominating  in  the  upper,  and  the  two  latter  in 
the  lower  portion  of  the  system.  The  calcareous  members 
are  generally  known  as  "chalk"  and  "chalk  marls," — the 
former  being  applied  to  the  purer  beds,  and  the  latter  to  those 
that  are  more  earthy  and  clayey;  the  argillaceous  strata, 
which  are  for  the  most  part  stiff  blue  marly  clays,  are  known 
by  the  provincial  term  "gault"  or  "golt;"  and  the  sandy 
beds,  being  frequently  coloured  green  by  the  presence  of 
chloritic  matter,  are  distinguished  as  "  greensands."  The 
nodular  masses  of  "flint"  that  occur  in  the  chalk  consist 
of  silica,  more  or  less  coloured  by  iron;  the  impure  calcareo- 
silicious  nodules  and  concretions  are  spoken  of  as  "chert;" 
and  the  irregular  beds  of  coarse  silicious  limestones  as  "  rags  " 
or  "ragstones."  The  system,  as  occurring  in  the  south  of 
England,  is  usually  grouped  as  follows : — 

/Upper   Chalk. — Generally   soft   white   chalk,  containing 
numerous  flint  and  chert  nodules  more  or  less  arranged  in 
layers. 
Lower  Chalk. — Harder  and  less  white  than  the  upper,  and 
generally  with  fewer  flints.    (Reddish  in  the  north  of  Eng- 
land, and  with  abundance  of  flints.) 
Chalk  Marl. — ^A  greyish  earthy  or  yellowish  marly  chalk, 
\     sometimes  indurated. 

(Upper  Greens  and. — Beds  of  silicious  sand,  occasionally 
indurated  to  chalky  or  cherty  sandstone  (the  "fltes,tc>\\fc" 
of  Surrey),  of  a  green  or  greyish,  \j\iv\ft,  m\}cL  Tift^JeoX&'ai  ^1 
chert. 


Chalk.        < 
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CAULT.— A  provincial  name  for  a  bluisli  tenacious  clay, 
sometimes  marly,  with  indurated  argillaceous  concretions 
(septaria)  and  layers  of  greensand. 
v**viiiii^o-a.^ixy.yzjOWEB  Grkensand. — Beds  of  green  or  ferruginous  sands, 
with  layers  of  chert  and  calcareo-silicious  sandstones, 
local  pebble  beds  and  beds  of  gault,  rocks  of  chalky  or 
cherty  limestone  (Kentish  rag),  and  fuller^s  earth. 


( 


298.  The  preceding  synopsis  affords  a  sufficient  outline  of 
the  composition  and  succession  of  the  chalk  strata.  Of  course, 
considerable  local  differences  occur,  and  it  is  sometimes  dif- 
ficult to  determine  the  equivalents  of  the  beds  as  typically 
developed  in  Kent  and  adjoining  counties.  Thus,  the  lower 
chalk  of  Yorkshire,  and  of  Havre  in  France,  contains  abundant 
flint  nodules ;  in  Devon  and  Dorset  a  gritty  bed  with  numer- 
ous fossils  occurs  towards  the  base  of  the  chalk ;  in  Lincoln 
and  York  a  stratum  of  red  chalk  is  thought  to  represent  the 
gault  of  the  southern  counties;  and  the  Kentish  ragstone, 
which  is  largely  quarried  near  Maidstone,  is  wholly  unrepre- 
sented in  the  Isle  of  Wight.  When  we  come  to  co-ordinate 
the  Continental  strata,  still  wider  differences  prevail ;  and  in 
North  America  the  rocks  which  are  charged  with  cretaceous 
fossils  are  often  mere  sands  and  clays,  sometimes  even  con- 
glomeratic, and  only  in  certain  districts  associated  with  thin 
beds  of  yellow  coralline  and  silicious  limestones.  Co-ordinat- 
ing D'Orbigny's  topographical  subdivisions  of  the  French 
cretaceous  series  with  those  of  England,  we  have  something 
like  the  following  equivalents : — 


Danien,    . 

Senonien, 

Turonieu, 

Cenomanien, 

Albien,    . 

Aptien,    . 

Neocomien, 

Neocomien  inferieur. 


I 


Maestricht  beds.  \ 

WJiite  chalk  and  chalk  marl. 
Part  of  the  chalk  marL 
Upper  greensand.  . 

Gault.  ) 

Upper  part  of  lower  gi'eensand. 
Lower  part  of    do.         do. 
Wealden  beds  and  contempora- 
neous marine  strata. 


English 
series. 


The  lower  greensand  is  thus  sometimes  termed  by  English 
geologists  the  "Neocomian  group**  {Neocomiensis,  rocks  of 
Neufch^tel),  this  portion  of  the  system  being  thought  to  be 
more  typically  developed  in  the  neighbourhood  of  Neufch&tel 
in  Switzerland ;  but  recent  facts  scarcely  support  this  view, 
and  for  all  practical  purposes  the  terms  Chalk,  Gault,  and 
Greensand,  are  sufficiently  distinctive. 
2gg,  It  was  stated  in  the  preceding  chapter,  that,  fomidiug 
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on  palaaontological  data,  it  has  been  proposed  to  combine  the 
lias  and  oolite  into  one  inseparable  system,  and  to  merge  the 
wealden  into  the  cretaceous,  grouping  it  along  with  the  lower 
greensand  as  "  Lower  Cretaceous  or  Neocomian."  Adopting 
this  view,  and  regarding  the  soft  yellow  limestones  of  Maes- 
tricht  as  a  local  development  still  higher  than  the  upper  white 
chalk  of  England,  we  would  have  the  following  tabulation, 
which  is  that  now  adopted  by  Sir  Charles  Lyell  and  soijie 
other  geologists ; — 

Upper  Cretaceous. 

1.  Maestricht  beds  and  Faxoe  limestones. 

2.  White  chalk,  with  flints. 

3.  Chalk  marl,  or  grey  chalk  slightly  argillaceous. 

4.  Upper  greensand,  occasionally  with  beds  of  chert,  and  with  chloritic 

marl  (craie  chlorite  of  French  authors)  in  the  upper  portion. 

5.  Gault,  including  the  Blackdown  beds. 

Lower  Cretaceous  {Neocomian), 

1.  Lower  greensand— Greensand,  ironsand,  clay,  and  occasional  beds  of 

limestone  (Kentish  rag). 

2.  Wealden  beds— or  Weald  clay  and  Hastings  sands. 

For  the  sake  of  the  learner  we  have  followed  the  usual  group- 
ing of  the  system,  but  the  preceding  indicates  the  new  ar- 
rangement, which  palaeontological  evidence  will  in  all  likeli- 
hood ultimately  compel  the  geologist  to  adopt.  The  wealden 
beds  on  their  uppermost  verge  contain  fossUs  having  less  or 
more  a  cretaceous  aspect,  just  as  on  their  lowermost  verge 
they  contain  remains  less  or  more  akin  to  those  of  the  oolite. 
There  is  no  sharp  line  of  demarcation  on  either  side,  and  it 
can  be  no  detriment  to  the  progress  of  the  science  in  regarding 
in  the  meantime  the  Punfield  beds  on  the  upper  side,  and  the 
Purbeck  on  the  lower,  as  the  passage-beds  between  the  re- 
spective systems. 

•  300.  The  mineral  composition  of  the  preceding  groups  and 
series  is  almost  sufficiently  indicated  by  their  respective  terms. 
The  greensaiidy  which  forms  the  lower  division,  is  so  named 
from  its  greenish  colour,  which  it  owes  to  a  chloritous  silicate 
of  iron.  These  sands,  however,  are  not  uniformly  green,  but 
partake  of  ochraceous  and  yellow  tints ;  present  various 
degrees  of  fineness,  from  compact  sands  to  coarse  nodular 
grits;  and  not  unfrequently  embed  cherty  bands,  nodular 
sandstones,  and  irregular  deposits  of  fuller's  earth,  fossil 
wood,   and  ochre.     In  England  the  greensand  \a  -vjs^iSN^ 
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divided  into  Lower  and  Upper,  because  of  the  stiff  blue  marly 
clays  (gault)  which  occur  about  the  middle  of  the  group ;  but 
otherwise  there  is  a  great  lithological  similarity  throughout  its 
entire  thickness,  which  rarely  exceeds  400  or  500  feet.  The 
^ault  or  golt  (a  local  term)  is  not  of  great  thickness,  nor  very 
regular  in  its  occurrence.  It  is  a  bluish  chalky  clay,  which 
effervesces  strongly  on  the  application  of  acids;  is  inter- 
stratified  with  layers  of  greensand;  and  in  some  localities 
holds  irregular  balls  of  argillaceous  ironstone,  collected  round 
ammonites  and  other  shells.  In  some  districts  the  gault 
assumes  a  reddish  tint,  from  the  iron  it  contains ;  but  in  other 
respects  its  composition  is  very  persistent,  and  it  rarely  ex- 
ceeds 80  or  100  feet  in  thickness.  The  Chalk,  which  forms 
the  upper  group  of  this  system,  is  too  well  known  to  require 
description.  It  consists  chiefly  of  carbonate  of  lime,  has  an 
earthy  texture,  and  is  so  soft  as  to  yield  to  the  naiL  Though 
generally  white  it  sometimes  passes  into  a  dusky  grey,  or  even 
red  colour,  as  in  the  north  of  England ;  and  where  it  has  come 
into  contact  with  igneous  rocks,  as  in  the  north  of  Ireland,  it 
is  indurated,  and  sometimes  of  a  crystalline  texture,  like  that 
of  statuary  marble.  In  England,  the  chalk  group  averages 
from  600  to  800  feet  in  thickness,  and  is  usually  divided  into 
"  lower  "  and  "  upper  '*  beds ;  the  former  being  more  compact, 
of  a  dusky  white  varied  with  green  grains,  and  containing  few 
flints — the  latter  being  a  soft,  white,  calcareous  mass,  with 
chert  and  pyritic  nodules  and  regular  layers  of  flints.  Traces 
of  stratification  are  scarcely  distinguishable  in  the  mass  of  the 
chalk,  but  are  clearly  evinced  by  the  lines  of  flints  and  other 
nodular  concretions.  In  some  of  the'  Continental  chalks, 
carbonate  of  magnesia  prevails  to  the  extent  of  8  or  10  per 
cent,  giving  to  such  beds  a  still  more  earthy  texture ;  while 
some  of  the  American  equivalents  are  so  silicious  throiighout 
as  almost  to  lose  the  character  of  limestones. 


Palfleontological  Characteristics. 

301.  The  organic  remains  found  in  the  Cretaceous  system 
of  Europe  are,  with  a  few  exceptions,  eminently  marine,  com- 
prising fucoids,  sponges,  foraminifera,  corals,  star-fishes,  mol- 
luscs, Crustacea,  fishes,  and  reptiles.  As  might  be  expected, 
Fossil  Plants  are  comparatively  rare,  and  these  for  the  most 
part  drifted  and  imperfect  fragments.  The  marine  species 
are  apparently  allied  to  t\ift  a\^»,  eonfervse,  &c.,  and  are 
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termed  chondriUa  and  con/ervites.  The  terrestrial  types  are 
drifted  fragmeuta  of  filicoid  planta  {haehopteris) ;  aloe-like 
leaves  {drae(Bna);  cycadaceoua  leaves  and  fruits  {clathraria, 
mmiottrobut);  palm-like  fruita  of  unknown  affinity  (carpo- 
litkea — carpos,  a  fruit);  and  cones  and  fragments  of  coniferous 
wood  known  by  such  names  aapinitea,  abiefiies,  and  gfrobilites 
{atrohilut,  a  fir-cone).  In  British  North  America,  Vancouver 
Island,  and  other  localities,  strata  regarded  as  the  equivalents 
of  the  European  Chalk  embed  considerable  seams  of  lignite, 
and  even  of  bituminous  coal ;  thus  showing  that  in  certain 
areas  vegetation  was  more  luxuriant,  and  that  the  coal-form- 
ing operations  of  nature  went  forward  during  the  cretaceous 
as  during  all  the  other  fosgiliferous  eystems. 

302.  Of  the  Animal  remains,  whicli  are  in  general  beauti- 
fully preserved,  and  to  be  seen  in  almost  every  British  collec- 
tion, we  can  only  notice  a  few  genera  under  each  order  or 
family.  Beginning  with  the  amorphozoa  or  spongiform  bodies, 
which  seem  to  have  crowded  the  waters  in  certain  localities, 
we  have  the  common  and  characteristic  veniricuUfet,  c^ialitea, 
spoTiffia,  te^hia,  tifAonia,  &c,  generally  named  from  the  ex- 
ternal shape  of  the  mass.  Of  foranuniferal  organisms  up- 
wards of  thirty  genera  have  been  catalogued,  as  dentalina, 


rotalia,  fextularia,  orUtoidee,  and  lituola  (see  Hecapitulatio&\. 
Of  coralline  zoophytes,  paramiilia,  troehocj/atliug,  paTo&tTiK, 
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aspiiwpora,  and  the  like.  Of  ecliinoderms  there  are  many 
genera  in  every  state  of  perfection — sea-urchins,  as  the  cidarU, 
tpatanqiw  ffalfrites  diadema  ananchytes  &c.  •  star  fishea, 
tjomast  r  A  dor  aster    and  cnno  dea  as  marmpUes  Bourgue- 


tocrinui,  and  pentacrimas.  Of  annelids,  abandant  aerpularia 
and  vermicularia;  of  cinipeds  or  barnacles,  scalpeUum  and 
pollicipes;  and  of  Crustacea,  the  entomostracous  forms,  Bairdia, 
'  ci/i/iere,  and  eytherella;  and  the  malacoatracous  lobster-like 
genera,  myeria,  pagurui,  and  ruAvpocvrysUt.  The  remains  of 
mollusca  are  extremely  numerous,  and  in  such  beautiful  preser- 
vation that  the  conchologist  can  at  once  assign  them  a  place 
in  his  classification.  The  compound  bryozoa  appear  in  great 
profusion,  as  actiTtopora,  diastopora,  jntsfnlopora,  eschara,  and 
retepora.  Of  brachiopoda,  the  most  abundant  are  terebratida, 
rkyncondla,  and  crania;  of  characteristic  monomyaria,  we 
may  a^mf^  pectert,  lima,  ostrea,  and  tnoceramm;  and  of  dimy- 
aria,  trigonia,  cardium,  asiarle,  nucula,  venui,  cypricardia, 
and  the  curious  maasive  shells  hippurites,  diceraa,  and  radio- 
liUs.  Of  the  univalves  or  gasteropods,  the  roelellaria,  ceri- 
tlii-um,  naiica,  dnulia,  liUorina,  and  plearofamaria,  are 
typical  and  characteristic.  The  cephalopods  also  appear  in 
considerable    profusion ;    and  tlatroL^h.  the  ammonites  have 
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evidently  passed  their  mendian  and  are  now  on  the  decline, 
we  Btill  have  many  spec  es  with  newer  and  more  complex 
forms  of  the  same  great  order  Of  these  the  airaaontU  the 
nauMui   the  hook  shaped  l>atmU»  (kamus  a  hook}  the  boat- 


shaped  Kaphitet,  the  rod-like  baculitt*  (baeulue,  a  staff),  the 
turret-like  turnliUs,  the  curiotiB  horn-ahaped  genera,  ancylo- 
ceras,  ptychoceras,  &c.  {keras,  a  horn),  and  the  dart-like  inter- 
nal belenmites  (the  "  thimderbolts "  of  the  English  peasant), 
are  the  most  frequent  and  typical 

303.  The  vertebrate  remains  are  those  of  numerous  fishes 
and  reptiles,  with  occasional  indications  of  birds  and  mammalia. 
Of  the  fishes  the  majority  are  still  placoid  and  ganoid ;  but 
the  ctenoid  and  cycloid  orders,  to  which  almost  all  existing 
fishes  belong,  are  here  for  the  first  time  found  in  the  rocky 
strata.  Of  the  placoida  the  teeth  and  spines  are  as  usual  the 
only  remains — the  former  being  most  abundantly  represented 
by  ptychodug  (wrinkle-tooth),  acrodus  (summit-tooth),  corax, 
latnna,  &c.;  and  the  latter  by  various  forms,  apparently  thsw.% 
of  cestracionts.     Of  the  ganoids,  iepidotua,  gyrodue  l^"«Sa\ftft.- 
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tooth),  pycnodui  (thick-tooth),  and  maeroeoma,  are  the  most 
typicfj.  Of  the  ctenoid  or  comb-acaled  order,  several  Bpecies 
of  heryx  (closely  allied  to  the  perch)  have  been  detected ;  and 
of  the  cycloideans,  the  sauroc^halue  and  osmeroides  are  those 


most  frequently  found  in  collections.  The  sauroid  reptiles  seem 
identical  with  or  at  least  closely  allied  to  those  of  the  Wealden, 
and  are  represented  by  pterodactylut,  plesiosaurus,  mosasaums 


(from  tlie  Meuse),  iguanodon,  aud  chelonia.  Bones  of  birds 
have  been  obtained  from  the  chalk-marl  of  England,  hence 
termed  dmoliomis  (Gr.  kimolia,  marl,  and  oraU,  bird),  and 
several  specimens  have  been  found  in  the  cretaceous  beds  of 
North  America,  both  in  tke  Eocky  Mountains  and  New 
Jersey  deposits,      AccorAmg  to  Ptofeasor  Matsh,   of  Yale 
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College,  some  of  these  have  affinities  to  the  Divers,  others  to 


have  received  such  names  as  hesperomis  (bit4  ol  \ii« 
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graculavus  (ancient  cormorant),  palcBotringa  (ancient  sand- 
piper), (fee;  and  one  genus,  from  its  biconcave  or  fish-like 
vertebrae,  has  been  named  ichthyoi^is  (fish-like  bird).  One 
strange  peculiarity  of  the  hesperornis  and  ickbhyorrvU  is  that 
they  are  toothed  birds — the  teeth  of  the  former  being  in- 
serted in  a  groove,  and  the  teeth  of  the  latter  implanted  in 
distinct  sockets,  as  shown  in  the  engraving.     Fragmentary 


Icbtbyomis  dispar.     a,  Left  lower  jaw,  side  vifiw  ;  ft,  Left  lower  jaw,  top  view,  Bhowin^ 

the  sockets.     Natural  size. 

bones  of  mammals  have  also  been  detected  in  the  chalk  marl 
of  England,  and  these  are  regarded  by  Professor  Owen  as 
showing  affinities  to  the  quadrimiana  or  monkeys. 


Physical  and  Geographical  Features. 

304.  Regarding  the  geographical  distribution  of  the  chalk, 
though  the  several  areas  may  be  partial  or  limited,  strata  con- 
taining the  peculiar  fossils  of  the  system  have  been  discovered 
in  many  countries.  As  already  mentioned,  it  is  finely  de- 
veloped in  the  south  and  south-east  of  England ;  it  is  found 
in  the  north  of  Ireland ;  and  from  the  frequent  occurrence  of 
flint  nodules  in  Aberdeenshire,  &c.,  it  is  supposed  to  have 
covered  considerable  areas  in  the  north  of  Scotland.  It  is 
found  in  France,  Germany,  and  Sweden,  and  occurs  in  connec- 
tion with  the  Alps,  Carpathians,  and  Pyrenees.  Chalk  fossils 
have  been  collected  in  the  south  of  India;  equivalents  of  the 
gault  and  greensands  have  been  investigated  in  the  States 
of  New  Jersey,  Texas,  and  Alabama;  in  the  Saskatchewan 
prairies  and  Vancouver  Island ;  and  strata  apparently  of  the 
same  age  have  been  noticed  in  Colombia  in  South  America. 

305.  Though  exhibiting  faults  and  fractures,  no  igneous 
rocks  have  been  found  associated  with  the  chalk  of  England. 
In  the  north  of  Ireland  the  strata  are  disrupted  and  overlaid  by 
basalt  and  other  traps,  as  remarkably  displayed  at  the  Giant's 

Causeway;  and  in  the  Pytene^ft  «i.ud  Alijs  the  system  partakes 
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more  or  less  of  all  those  upheavals,  by  traps  and  secondary 
granites,  which  are  so  characteristic  of  those  lofty  ranges. 
Where  unbroken  by  igneous  eruptions,  the  physical  aspect  of 
chailk  districts  is  readUy  distinguished  by  the  rounded  outlines 
of  their  hills  and  valleys,  as  typically  exhibited  in  the  "  wolds  " 
and  "downs"  of  Kent,  Sussex,  Surrey,  Hants,  Wilts,  Berks, 
and  other  counties  in  the  south  of  England.  These  downs 
are  described  as  "  covered  with  a  sweet  short  herbage,  forming 
excellent  sheep-pasture,  generally  bare  of  trees,  and  singularly 
dry  even  in  the  valleys,  which  for  miles  wind  and  receive  com- 
plicated branches,  all  descending  in  a  regular  slope,  yet  are 
frequently  left  entirely  dry;  and,  what  is  more  singular,  con- 
tain no  channel,  and  but  little  other  circumstantial  proof  of 
the  action  of  water,  by  which  they  were  certainly  excavated." 
The  rains,  it  ia  said,  are  absorbed  as  fast  as  they  fall  upon  this 
dry  surface,  and  sink  to  considerable  depths  in  the  rock,  where 
they  are  treasured  up  in  reservoirs  to  the  deep  wells  and  the 
constant  springs  which  issue  at  lower  levels. 

306.  Combining  all  the  features  of  the  system  as  developed 
in  Europe — its  composition,  fossils,  and  geographical  distribu- 
tion—  we  are  warranted  in  regarding  the  chalk  as  a  truly 
marine  deposit,  filling  up  limited  seas  whose  depths  were 
thronged  with  oceanic  life,  and  which  received  at  intervals 
the  dnft  of  rivers  that  flowed  through  countries  enjoying  an 
equable  and  genial  temperature.  The  cycas  and  zamia  are 
plants  which  betoken  such  a  climate ;  and  though  vegetable 
drift  seldom  appears  among  the  chalk  strata  of  Europe  in  such 
profusion  as  to  form  more  than  scattered  patches  of  lignite  (as 
in  the  lower  measures  near  Kochelle),  yet  must  this  circum- 
stance be  ascribed  more  to  the  unfavourable  position  of  the 
seas  of  deposit  for  the  reception  of  such  drift  than  to  the 
scantiness  of  vegetation  on  the  dry  land.  Again,  the  corals 
and  huge  sauroid  reptiles  would  seem  to  imply  almost  sub- 
tropical conditions  of  temperature — a  circumstance  that  seems 
further  established  by  the  presence  of  remains  apparently  allied 
to  the  monkeys.  On  the  other  hand,  the  discovery  of  blocks 
of  granite,  porphyry,  and  coal  embedded  in  the  white  chalk  of 
the  south  of  England,  appears  to  favour  the  idea  of  transport 
by  floating  ice — a  phenomenon  that  might  occur  even  in  genial 
seas,  were  these  open  to  the  north,  and  so  situated  as  to  be- 
come the  recipients  of  icebergs  which  might  occasionally  be 
borne  to  their  waters. 

307.  Respecting  the  conditions  of  the  waters  in  which  the 
chalk,  so  unlike  ordinary  limestones,  was  deposvl^^^^xA^SJOccecL 
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whose  mass  flints  were  subsequently  aggregated,  geologists  are 
by  no  means  agreed.  This  much,  however,  seems  certain,  that 
the  chalk  is  a  mechanical  deposit  from  waters  abounding  in 
minute  foraminiferal  shields  and  other  microscopic  proto- 
zoans, which  constitute  a  large  portion  of  the  mass ;  and  not, 
as  at  one  time  supposed,  a  precipitate  from  chemical  solution. 
The  abundance  of  enclosed  sponges,  corals,  shells,  and  frag- 
ments of  vegetables,  also  confirms  this  view,  and  compels  us 
to  seek  for  the  enclosed  layers  and  nodules  of  flint  an  origin 
similar  to  that  of  nodules  of  ironstone  and  chert  in  shale. 
Flints  are  composed  almost  entirely  of  pure  silex,  with  a  trace 
of  iron,  clay,  and  lime;  they  are  usually  aggregated  round 
some  nucleus  of  sponge,  shell,  or  coral ;  and  there  is  no  diffi- 
culty in  conceiving  the  silex  to  have  been  originally  in  solution 
in  the  waters  of  deposit,  and  subsequently  segregated  in  layers 
and  nodules  as  we  now  behold  it.     (See  Recapitulation.) 


Industrial  Products. 

308.  Industrially,  the  chief  products  of  the  system  are  chalk 
and  flint,  phosphatic  nodules  and  lignites.  Chalk,  as  an  almost 
pure  carbonate  of  lime,  is  calcined  like  ordinary  limestones, 
and  employed  by  the  bricklayer,  plasterer,  cement-maker,  and 
farmer;  it  is  used  as  a  flux  in  the  blast-furnace;  and  levigated, 
it  furnishes  the  well-known  "  whiting  "  of  the  painter.  Flint 
calcined  and  ground  is  used  in  the  manufacture  of  china, 
porcelain,  and  flint-glass ;  and,  before  the  invention  of  percus- 
sion-caps, was  in  universal  use  for  gun-flints.  In  the  south  of 
England  flints  are  extensively  used  as  road-material ;  and  the 
larger  nodules  are  sometimes  taken  for  the  building  of  walJs 
and  fences.  Beds  of  fuller's  earth  are  extensively  worked  in 
the  greensands,  as  at  Ryegate  and  Nutfield;  and  some  of  the 
indurated  strata,  like  the  "Kentish  rag"  and  chalk  marl  of 
Cambridgeshire,  furnish  local  supplies  of  building-stone,  as 
well  as  supplies  of  road-material.  From  the  gault  and  upper 
greensand  of  Famham  in  Surrey,  as  well  as  from  those  of  the 
Southern  States  of  America,  are  obtained  those  phosphatic 
nodules  now  manufactured  as  a  manure,  on  account  of  their 
containing  a  large  percentage  of  phosphate  of  lime.  "  It  is 
doubtless  of  animal  origin,"  says  Lyell,  "and  partly  coprolitic, 
probably  derived  from  the  excrement  of  fish."  From  the  same 
beds  are  obtained  the  septaria  or  argillo-calcareous  nodules 
employed  in  the  prepaialioii  oi  hydraulic  cement,  and  the 
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malm  rock,"  a  soft  silicious  sandstone,  containing  a  large 
percentage  of  soluble  silica,  and  used  for  the  procuring  of 
that  substance  in  the  manufacture  of  artificial  stone.  More 
recently,  several  of  the  workable  coals  and  lignites  of  Van- 
couver Island  and  British  North  America  have  been  discovered 
to  belong  to  the  Cretaceous  epoch. 


NOTE,    RECAPITULATOEY  AND  EXPLANATORY. 

309.  The  Cretaceous  system — so  called  from  the  chalk  beds 
which  form  its  most  notable  feature — is  the  last  or  uppermost 
of  the  secondary  formations.  All  its  types  of  life  are  strictly 
Mesozoic,  and  of  the  numerous  species  found  in  the  Trias, 
Oolite,  and  Chalk,  not  one,  it  is  affirmed  by  palaeontologists, 
has  been  detected  in  tertiary  strata.  As  typically  developed 
in  the  south  of  England,  the  system  has  been  separated  into 
two  groups,  the  Chalk  and  Grreensand,  and  these  comprise,  in 
descending  order,  the  following  members : — 

(  Upper  chalk  with  flints. 
Chalk.  <  Lower  chalk  without  flints. 

V  Chalk  marl. 

C  Upper  greensand. 
Greensand.  <  Gault. 

V  Lower  greensand. 

Adopting  the  recent  views  of  paleontologists  respecting  the 
cretaceous  affinities  of  the  Wealdeii,  and  adding  certain  Con- 
tinental beds  which  are  wanting  in  England,  we  have  then 
an  upper  and  a  lower  group,  comprising  the  following  sub- 
divisions : — 

{Maestricht  beds. 
Chalk  proper. 
Chalk  marl. 
Upper  greensand. 
Gault. 

Lower  Cretaceous    (  ^^^^^  greensand. 

{Neocomien).  )  ^®*\^  ^^^y-  , 

[^  Hastings  sands. 

Whichever  view  is  adopted,  the  entire  suite  of  strata — with 
the  exception  of  the  fluvio-marine  beds  of  the  weald — ^bear 
evidence  of  shallow  and  widespread  seas,  and  of  a  climate 
favourable  to  the  growth  of  cycads  and  zamiaa  oii\«cci^,  ^\A  ^1 
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corals,  gigantic  saurians,  and  turtles  in  the  waters.  Palseonto- 
logically,  the  remains  of  the  chalk  and  greensand  are  eminently 
marine,  and  comprise  numerous  species  of  sponges,  f  oraminif  era, 
corals,  star-fishes,  sea-urchins,  shell-fish,  Crustacea,  fishes,  and 
reptiles.  Indications  of  bird  and  mammalian  remains  have 
also  been  detected,  but  these  are  as  yet  too  scanty  and  obscure 
to  warrant  any  definite  conclusion. 

[On  palseontological  grounds,  M.  Hebert  proposes  the  following  sub- 
divisions or  stages  (in  descending  order)  for  the  Upper  Cretaceous  : — 

1.  Norwich  chalk — with  Belemnites  mucronattis. 

2.  Chalk  with  flints — with  Micraster  cor-anguinum. 

3.  Part  of  chalk  with  flints  —  with  JSolaster  planus,  and  Micraster 

cor-testvdiiiatum. 

4.  Lower  part  of  chalk  with  flints  and  part  of  chalk  without  flints— 

witli  Inoceramus  labiatus. 

5.  Grey  chalk  or  chalk  marl  of  England  and  upper  greensand.] 


Formation  of  Chalk  and  Flint. 

310.  Respecting  the  origin  of  the  rocks  which  compose  the 
system,  some  difficulties,  both  of  a  physical  and  chemical 
nature,  present  themselves  to  the  geologist.  The  accimiula- 
tion  of  such  strata  as  the  gault  and  greensand  can  easily  be 
accounted  for  by  the  ordinary  processes  of  mechanical  sedi- 
ment; but  the  chalk  with  its  great  thickness,  remarkable 
homogeneity,  and  peculiar  layers  of  flint  nodules,  would  seem 
to  indicate  a  somewhat  different  process  of  formation.  Even 
as  a  limestone,  it  differs  from  others  so  widely  in  texture  and 
appearance,  that  several  chemical  and  organic  hypotheses  have 
been  advanced  to  account  for  its  origin.  "  There  appears  no 
evidence,"  says  Mr  Brande,  "  of  its  having  been  precipitated 
from  chemical  solution ;  but,  on  the  other  hand,  it  bears  marks 
of  a  mechanical  deposit,  as  if  from  water  loaded  vdth  it  in  a 
state  of  fine  division.  And  upon  this  principle,  some  gleam 
of  light  may  perhaps  be  thrown  upon  the  enigmatical  appea^ 
ance  of  the  flints ;  for  it  is  found,  that  if  finely-powdered  silica 
be  mixed  with  other  earthy  bodies,  and  the  whole  diffused 
through  water,  the  grains  of  silica  have,  under  certain  circum- 
stances, a  tendency  to  aggregate  into  small  nodules ;  and  in 
chalk,  some  grains  of  quartz  (fragments  of  silicious  spicula, 
&c.)  are  discoverable."  There  can  be  little  doubt  that  such 
has  been  the  original  condition  of  chalk,  from  whatever  source 
the  calcareous  particles  were  derived;  for,  without  the  sup- 
position  that  these  patticlea  ^^le  accumulated  step  by  step  in 
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the  waters  of  deposit,  it  were  impossible  to  account  for  the 
embedding  of  the  fossil  organisms,  the  lines  of  deposition,  and 
other  phenomena  connected  with  it  as  a  stratified  formation. 
But  while  such  has  evidently  been  the  sedimentary  origin 
of  chalk  as  an  aqueous  formation,  it  does  not  preclude  the 
vital  efforts  of  lime-secreting  zoophytes,  or  the  aggregation  of  - 
f oraminifera  and  other  microscopic  organisms.  All  other  lime- 
stones in  the  crust  of  the  earth  point  to  a  complex  formation 
in  which  mechanical,  chemical,  and  organic  agencies  have  been 
concerned ;  and  it  is  but  reasonable  to  suppose  that  chalk  is 
the  result  of  similar  forces.  Indeed  we  have  evidence  in  ex- 
isting nature  of  vast  accumulations  of  fine  calcareous  mud, 
arising  partly  from  the  attrition  of  coral-reefs,  shells,  and  other 
marine  exuviae,  partly  from  the  secretions  and  excretions  of  • 
certain  moUusca,  echinoderms,  and  fishes,  and  partly  from  the 
aggregation  of  minute  creatures,  as  the  foraminifera,  polyzoa, 
and  the  like.  Even  the  chalk  itself,  when  carefully  separated 
in  water,  and  examined  under  the  microscope,  gives  similar 
evidence  of  its  origin ;  and  what  appear  to  the  naked  eye  as 
mere  mineral  particles,  are  in  fact  well-preserved  fossils.  In 
this  way  Mr  Lonsdale  obtained  thousands  of  organisms  in  every 
pound  weight  of  chalk — some  being  minute  polyzoa  and  coral- 
lines, others  entire  foraminifera  and  cytheridse,  and  others, 
again,  mere  fragments  in  which  the  organic  texture  was  still 
apparent.  More  recently  an  examination  of  the  calcareous 
ooze  of  the  North  Atlantic  (see  "  Organic  Accumulations  "  in 
Chap.  XXI.)  has  thrown  a  flood  of  fight  on  the  formation  of 
chalk — that  ooze  being  in  fact  a  chalk  in  the  progress  of 
formation,  and  consisting  in  greater  part  of  foraminifera 
(fflohigmna,  discorbiria,  &c.),  polycistines,  sponge-organisms, 
and  other  microscopic  growths  enclosing  star-fishes,  shells,  and 
other  exuviae  peculiar  to  deep-sea  areas.  As  the  Atlantic  ooze 
is  now  accumulating  over  wide  areas  of  unknown  thickness, 
and  receiving  occasionally  the  remains  of  larger  animals  and 
the  dropped  drift  of  icebergs,  so  clearly  the  chalk  of  Europe 
was  similarly  accumulated,  and  similarly  included  the  drift- 
remains  of  the  larger  plants  and  animals,  as  well  as  the  blocks 
and  boulders  which  have  been  discovered  in  its  mass.  Up- 
wards of  80  per  cent  of  the  calcareous  ooze  consists  of  those 
minute  organisms,  and  the  composition  of  the  white  chalk  of 
England  is  characterised  by  a  similar  percentage.  Indeed,  so 
alike  is  this  ooze,  in  its  origin  and  composition,  to  the  chalk 
of  England,  that  certain  observers  speak  of  us  as  "  still  living 
in  the  Cretaceous  epoch" — a  statement  in  on^  a«v^afc  \»xx5l^  ^& 
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regards  foraminiferal  life,  but  utterly  erroneous  and  exag- 
gerated as  regards  the  higher  life  and  physical  geography 
of  the  current  period.  The  tertiary  period  showed  dSferent 
terrestrial  distributions  and  facies  of  life  from  the  Cretaceous; 
the  glacial  period  the  same  from  the  tertiary;  and  again  the 
current  epoch,  both  in  its  geographical  and  biological  arrange- 
ments, is  widely  distinct  from  all  three.  As  well  might  we 
speak  of  living  in  the  Silurian  epoch  because  terebratulae, 
lingulae,  and  other  lowly  and  deep-sea  forms  still  occur  in 
certain  parts  of  the  existing  ocean. 

[The  following  analyses  by  David  Forbes  exhibit  the  composition  of  the 
Atlantic  ooze  as  compared  with  that  of  the  chalks  of  England  : — 

Atlantic  Ooze.     White  Chalk,     Grey  Chalk. 


Carbonate  of  lime,     . 

50.12 

98.40 

94.09 

Carbonate  of  magnesia, 

•  •  • 

0.08 

0.31 

Alumina  (sol.  in  acids), 

1-33 

0.42 

trace. 

Sesq.  ox.  of  iron  (do.), 

2.17 

•  •  • 

•  •  • 

Silica  (insoluble), 

5-04 

■  •  • 

•  •  • 

Fine  insol.  gritty  sand  and 

rocky  debris. 

26.77 

1. 10 

3.61 

Water,       .... 

2.90 

•  •  • 

0.70 

Organic  matter, 

4.19 

•  •  • 

■  •  • 

Chloride  of  sodium  with 

other  sol.  salts. 

7.48 
100.00 

•  •  • 

1.29 

100.00 

100.  ool 

311.  The  formation  of  flint  within  a  mass  so  diflferent  in 
composition  as  chalk  is  also  in  some  respects  an  unsettled 
problem  in  geology.  It  occurs  in  nodular  masses  of  very 
irregular  (often  fantastic)  forms  and  variable  magnitude — 
some  of  these  not  exceeding  an  inch,  others  more  than  a  yard 
in  circumference.  Although  thickly  distributed  in  horizontal 
layers,  and  occasionally  in  vertical  lines  of  large  nodules  or 
"potstones,"  the  nodules  are  seldom  in  contact  with  each 
other,  each  being  completely  enveloped  by  the  chalk.  It  ia 
rare,  indeed,  to  find  a  continuous  layer  of  flint,  as  we  find  ft 
layer  or  band  of  ironstone,  though  the  nodular  or  concretionary 
states  of  these  two  materials  are  precisely  similar.  Externally, 
the  flints  are  composed  of  a  white  cherty  crust;  internally, 
they  are  of  grey  or  black  silex,  frequently  full  of  flaws  or 
cracks,  and  often  contain  cavities  lined  with  chalcedony  and 
crystallised  quartz.  When  taken  from  the  chalk-pit,  they  are 
brittle  and  fuU  of  moisture,  but  soon  dry  and  assume  their 
well-known  hard  and  refractory  qualities.  Flints,  almost  with- 
out exception,  enclose  temaiua  of  sponges,  sea-urchins,  detached 
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spines,  corals,  and  other  marine  organisms,  the  structures  of 
which  are  often  preserved  in  the  most  delicate  and  beautiful 
manner.  In  some  specimens  the  organism  has  undergone 
subsequent  decomposition,  and  the  space  it  occupied  has  been 
either  left  hollow,  or  partially  filled  with  some  sparry  incrusta- 
tion. From  these  facts  it  would  seem  that  flints  are  aggrega- 
tions of  silex  round  some  organic  nucleus,  just  like  the  iron- 
stone septaria  of  the  coal-shales,  the  grains  of  the  oolite,  the 
ironstone  nodules  of  the  gault — all  of  which  are  aggregations 
round  some  organic  centre,  be  it  a  fragment  of  plant,  a  shell, 
a  tooth,  coprolite,  or  other  organism.  This  is  now  the  gene- 
rally received  opinion ;  and  when  it  is  remembered  that  the 
organisms  must  have  been  deposited  when  the  chalk  was  in 
a  flocculent  and  pulpy  state,  there  can  be  little  diflSculty  in 
conceiving  how  the  silex,  held  in  solution  by  the  waters  of 
deposit,  would,  by  chemical  affinity,  attach  itself  to  the  decay- 
ing organism.  The  solubility  of  silica  is  a  well-known  fact  in 
nature ;  it  occurs  in  most  thermal  springs — in  soils,  whence  it 
is  elaborated  by  many  growing  plants  for  their  structure — 
in  waters,  whence  sponges  and  polycistines  elaborate  their 
silicious  spiculae  and  shields — and  aU  decomposing  rocks,  like 
the  felspathic  granites,  greenstones,  and  tufas,  are  continually 
supplying  it  to  the  streams,  rivers,  and  ocean.  The  cause  of 
its  abundance  in  certain  cretaceous  areas  we  may  never  know, 
but  it  is  altogether  a  mistake  to  suppose  that  flint  is  a  product 
peculiar  to  the  Chalk.  The  spongiferous  cherts  of  the  Port- 
land and  coralline  oolites,  and  the  tubipore  cherts  and  flints 
of  the  mountain  limestone,  are  identical  in  origin,  as  they  are 
all  but  identical  in  composition.  Indeed,  repeated  lines  of 
black  flint  nodules,  aggregated  round  some  coral  or  sponge, 
may  be  traced,  in  the  carboniferous  limestones  of  Linlithgow- 
shire and  Derbyshire,  as  distinctly  and  continuously,  and  as 
purely  silicious,  as  ever  were  traced  in  the  chalk-pits  of  Kent 
and  Surrey. 

[Dr  Bowerbank,  who  has  paid  considerahle  attention  to  this  subject,  and 
has  had  unusual  facilities  for  observing  the  circumstances  under  which  the 
various  forms  of  flint  and  chert  occur  in  the  chalk  formation,  is  of  opinion 
that  the  whole  of  the  numerous  strata  of  nodular  and  tabular  flints  are  de- 
rived from  vast  quantities  of  sponges  that  existed  in  the  seas  of  the  period. 
The  attraction  of  the  animal  matter  of  the  sponges  induced,  he  believes, 
the  deposit  of  the  silex,  which  in  the  first  instance  is  always  in  the  form  of 
a  thin  film  surrounding  the  skeleton  of  the  sponge,  and  from  which  succes- 
sive crops  of  chalcedonic  crystals  proceed,  until  the  solidification  of  the 
whole  is  effected.  The  beds  of  tabular  flint  he  accounts  for  on  the  i^tesoxsc^- 
tion  that  the  sponges  originating  the  deposit  grew  on  fl^  TViOY^  tOTk&Oc\S^aN^^ 
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bottom  than  the  tuberous  ones,  and  that  they  therefore  developed  them- 
selves laterally  instead  of  perpendicularly,  as  many  species  of  recent  sponges 
are  in  the  habit  of  doing,  and  that,  approaching  and  touching  each  other, 
they  united  and  thus  formed  extensive  and  continuous  beds,  instead  of 
numerous  isolated  specimens.  The  occurrence  of  the  shells  of  bivalves  and 
ecliinoderms  filled  with  flint  or  chert,  Dr  Bowerbank  accounts  for  on  the 
principle  of  their  having  been  previously  filled  with  living  sponges,  and 
subsequently  fossilised  by  the  deposit  in  the  spongeous  tissue  of  silex  held 
in  solution  in  the  water.  The  loose  specimens  of  fossil  sponges  contained 
in  the  Wiltshire  flints  he  explains  on  the  same  principle^  but  their  not  ad- 
hering to  one  another  he  accounts  for  in  accordance  with  the  law,  that 
while  sponges  of  the  same  species,  when  brought  in  contact,  readily  imite 
and  adliere,  those  of  diff'erent  species  never  unite  under  such  circumstances. 
In  fine,  Dr  Bowerbank  applies  the  same  principles  to  the  silicious  deposits 
of  the  whole  of  the  geological  formations,  and  expresses  his  opinion  that  the 
geological  office  of  the  Sponges  in  creation  is  that  of  inducing  the  deposU  of 
silicious  matter  held  in  solution  in  the  ocean j  as  the  Corals  assist  in  the  con- 
solidation of  the  calcareous  matter.'] 

312.  In  consequence  of  the  variety  and  perfection  of  its 
fossils,  and  the  free  exposure  of  its  strata  in  the  cliffs,  quarries, 
and  railway-cuttings  of  the  south  of  England,  the  system  has 
received  a  vast  amount  of  minute  and  searching  attention. 
The  *  Geological  Transactions'  and  'Journal'  teem  with 
papers  on  one  or  other  of  its  members,  presenting  detailed 
sections,  thicknesses,  and  lists  of  fossils.  Among  these,  the 
student  may  consult  the  contributions  of  Fitton,  Mantell, 
Webster,  Greenough,  Sedgwick,  Buckland,  Trimmer,  and 
others.  Valuable  information  may  also  be  obtained  from 
Mantell's  *  Geology  of  the  South-east  of  England,'  Dixon's 

*  Geology  of  Sussex,'  W.  Phillips's  *  Geology  of  England,'  and 
the  *  Memoirs  of  the  Geological  Survey.'  For  the  elaboration 
of  foreign  localities  we  are  chiefly  indebted  to  D'Archiac^ 
D'Orbigny,  De  Beaumont,  and  Hebert,  in  France;  to  Pro- 
fessor Dumont  in  Belgium ;  to  Pusch  in  Germany ;  and  to  H. 
D.  and  W.  Kogers  and  Professor  Marsh  in  America.  The 
Reports  of  Dr  Carpenter  and  Dr  Wyville  Thomson  on  the 
Deep-Sea  Dredgings  in  the  North  Atlantic  (Roy.  Soc.  Trans- 
actions for  187 1 ),  as  well  as  Dr  Thomson's  independent  work, 

*  The  Depths  of  the  Sea,'  afford  valuable  information  on  the 
nature  and  origin  of  the  calcareous  ooze  of  that  interesting 
region. 
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THE   TERTIARY   SYSTEM: 

EMBRACING — I,    THE   EOCENE;    2,    MIOCENE;   3,    PLIOCENE; 

AND,    4,    PLEISTOCENE  GROUPS. 

313.  The  earlier  geologists,  in  dividing  the  stratified  crust 
into  primary,  secondary,  and  tertiary  formations,  regarded  as 
tertiary  all  that  occurs  above  the  chalk.  The  term  is  still 
retained,  but  the.  progress  of  discovery  has  rendered  it  neces- 
sary to  restrict  and  modify  its  meaning.  Even  yet  the  limits 
of  the  system  may  be  said  to  be  undetermined — some  embrac- 
ing under  the  term  all  that  lies  between  the  chalk  and  boulder- 
drift,  others  including  the  drift  and  every  other  accumulation 
in  which  no  trace  of  man  or  his  works  can  be  detected. 
Palaeontologically  speaking,  much  might  be  said  in  favour  of 
both  views;  but  the  dijB&culty  of  unravelling  the  relations  of 
many  clays,  sands,  and  gravels,  makes  it  safer  to  adopt,  in  the 
meantime,  a  somewhat  provisional  arrangement.  We  shall 
therefore  treat  as  Tertiary  all  formations  occurring  above 
the  chalk  till  the  close  of  the  drift,  and  as  Post-Tertiary 
every  accumulation  which  appears  to  have  been  formed,  since 
that  period.  In  Europe,  North  America,  and  indeed  over 
the  greater  portion  of  the  arctic  and  temperate  regions  of  the 
northern  hemisphere,  the  boulder-drift  is  a  bold  and  clearly- 
defined  formation ;  and  there  is  little  difficulty,  therefore,  in 
determining,  in  these  regions,  the  upper  limits  of  the  tertiary 
system.     In  the  southern  hemisphere,  where  the  higher  l^lv 
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tudes  are  chiefly  covered  by  the  ocean,  the  drift  is  not  so  well 
defined — many  of  the  phenomena,  as  in  New  Zealand,  being 
more  probably  the  results  of  local  glaciation  when  the  land 
stood  at  a  higher  level,  and  long  subsequent  to  the  true 
glacial  epoch.  In  tropical  and  subtropical  latitudes,  where 
the  drift  is  altogether  wanting,  there  is  no  lithological 
boundary  to  guide  us,  and  we  must  fall  back  entirely  upon 
the  evidence  aflforded  by  organic  remains.  No  doubt  it  has 
been  asserted  by  Agassiz  and  other  observers,  that  evidences  of 
glaciation  appear  even  in  tropical  South  America ;  but  this  is  a 
matter  so  contrary  to  the  experience  of  all  other  observers  in 
the  plain  of  the  Amazon,  that  it  cannot  be  received  as  more 
than  an  unproved  and  highly  problematical  statement.  Tak- 
ing the  formations,  however,  as  they  occur  in  Europe,  and 
more  especially  as  developed  in  Britain,  the  arrangement 
above  indicated  resolves  itself  into  the  following  intelligible 
subdivisions : — 

T^/^-,rn  mT^T^mr  .  t^tt    (  ReCENT  Ulld  SUPERFICIAL  ACCUMULATIONS  OCCUmDg 

POST-TERTIARY.  I     above  the  boulder^lrift. 

I  Pleistocene.  . . .  Boulder  or  Glacial  drift.    . 

Pliocene Mammaliferous,   Red  and  Coralline 

crag  of  SuflFolk,  &c. 
TERTIARY.  (  Miocene Faluns  of  Touraine,  Molasse  of  Swit- 

zerland, and  part  of  Vienna  Basin. 

Eocene Strata   of   London  and   Hampshire 

^  Basins. 

By  adopting  this  view  we  get  rid  of  certain  anomalies  con- 
nected with  the  glacial-drift,  while  there  will  be  no  difficulty 
in  removing  the  pleistocene  to  the  post-tertiary  system,  should 
subsequent  discoveries  render  such  a  transposition  necessary. 
314.  The  organic  types  of  the  system  above  tabulated  are 
all  Cainozoic^ — that  is,  are  all  less  or  more  allied  to,  or  even 
identical  with,  many  existing  genera.  As  at  the  close  of  the 
Palaeozoic  cycle,  the  graptolites,  trilobites,  eurypterites,  pterich- 
thys,  coccosteus,  megalichthys,  stigmaria,  sigillaria,  lepidoden- 
dron,  and  other  forms  of  ancient  life,  had  passed  away; 
so,  at  the  close  of  the  Mesozoic,  the  encrinites,  ammonites, 
palseoniscus,  labyrinthodon,  ichthyosaurus,  plesiosaurus,  ptero- 
dactyle,  and  other  intermediate  types,  disappeared,  and  their 
place  was  taken  by  higher  and  more  recent  forms.  We  now 
find  among  vegetables  evidence  of  true  exogenous  timber- 
trees  (that   is,  trees  'which  increase  by   external  layers  of 
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growth,  like  the  oak,  beech,  and  elm);  a  large  percentage  of 
the  corals  and  shells  are  identical  with  those  of  existing  seas ; 
the  reptiles  are  carapaced  turtles  and  tortoises;  the  fishes 
are  chiefly  ctenoids  and  cycloids,  with  equally-lobed  tails; 
birds  of  existing  families  are  by  no  means  rare ;  and  ex- 
amples of  mammalia  of  all  classes,  up  to  the  highest  save 
man,  have  been  detected.  Nature,  in  fact,  had  made  another 
great  move  in  her  onward  and  upward  progress,  throwing 
aside,  as  it  were,  the  worn-out  moulds  and  patterns  of  her 
organic  developments,  and  evolving  others  better  adapted  to 
the  gradually  -  varjdng  conditions  of  the  inorganic  world. 
Still  throughout  the  whole  there  runs  the  same  great  idea  or 
design ;  and  thence,  though  species  and  genera  have  changed, 
the  types  and  functional  duties  of  these  types  remain,  leading 
us  to  regard  nature  as  immutable  even  in  the  midst  of  her  in- 
cessant mutabilities.  As  the  past  merges  insensibly  into  the 
present,  and  the  present  into  the  future,  so  cycle  passes  into 
cycle,  and  system  into  system,  by  the  finest  gradations ;  and 
it  is  not  till  the  whole  is  sufficiently  removed,  and  these 
gradations  subordinated,  that  we  perceive  the  peculiar  phases 
which  characterise  the  successive  epochs  of  geological  history. 
As  a  whole,  therefore,  the  biological  aspects  of  the  tertiary 
system  are  sufficiently  distinct  from  any  of  the  systems  that 
have  gone  before ;  and  though  many  of  its  species  have  long 
since  become  extinct,  there  is  clearly  a  much  closer  resem- 
blance between  them  and  those  of  existing  nature  (Cainozoic) 
than  there  is  between  them  and  those  of  Mesozoic  or  Palaeo- 
zoic cycles. 

315.  As  in  other  systems,  so  in  the  tertiary,  the  fossils  of 
the  older  strata  differ  considerably  from  those  of  the  newer ; 
and  thus  the  whole  might  be  conveniently  grouped  into 
Lower,  Middle,  and  Upper.  Palaeontologists,  however,  have 
chosen  a  somewhat  different  nomenclature,  and,  taking  the 
percentage  of  fossil  shells  as  their  guide,  have  adopted  the 
scientific  divisions  already  tabulated.  The  eocene  (Gr.  eo«, 
dawn,  and  kainos,  recent)  implies  that  the  strata  of  this  group 
contain  only  a  small  proportion  of  existing  species,  which 
may  be  regarded  as  indicating  the  dawn  of  existing  things ; 
miocene  (meion,  less)  implies  that  the  proportion  of  recent  shells 
is  less  than  that  of  extinct ;  pliocene  (pleiony  more),  that  the 
proportion  of  recent  shells  is  more  or  greater  than  that  of  the 
extinct ;  and  pleistocene  (pleiston,  most),  that  the  shells  of  this 
group  are  mostly  those  of  species  inhabiting  l\xa  Y^^'eifc\:^.  ^^"^^^ 
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This  nomenclature  is  now  in  general  use  by  English  geologists, 
though  it  must  be  confessed  that  the  progress  of  fossil  dis- 
covery has  long  since  rendered  the  divisions  lower,  middle, 
and  upper  more  appropriate,  and  much  less  liable  to  mislead. 
The  terms  were  first  introduced  by  Sir  Charles  Lyell  in  1833 ; 
and  it  were  as  well,  perhaps,  to  hear  his  own  explanation  and 
remarks,  after  a  lapse  of  more  than  forty  years :  "  When 
engaged,"  he  says,  "in  1828,  in  preparing  my  work  on  the 
Principles  of  Geology,  I  conceived  the  idea  of  classing  the 
whole  series  of  tertiary  strata  in  four  groups,  and  endeavour- 
ing to  find  characters  for  each,  expressive  of  their  different 
degrees  of  affinity  to  the  living  fauna.  With  this  view  I 
obtained  information  respecting  the  specific  identity  of  many 
tertiary  and  recent  shells  from  Italian  naturalists,  and,  among 
others,  from  Professors  Bonelli,  Guidotti,  and  Costa.  Having, 
in  1829,  become  acquainted  with  M.  Deshayes  of  Paris, 
already  well  known  by  his  conchological  works,  I  learned 
from  him  that  he  had  arrived,  by  independent  researches,  and 
by  the  study  of  a  large  collection  of  fossil  and  recent  shells, 
at  very  similar  views  respecting  the  arrangement  of  tertiary 
formations.  At  my  request  he  drew  up,  in  a  tabular  form, 
lists  of  all  the  shells  known  to  him  to  occur  both  in  some 
tertiary  formations  and  in  a  living  state,  for  the  express  pur- 
pose of  ascertaining  the  proportional  number  of  fossil  species 
identical  with  the  recent  which  characterised  successive  groups; 
and  this  table,  planned  by  us  in  common,  was  published  by 
me  in  1833.  The  number  of  tertiary  fossil  shells  examined 
by  M.  Deshayes  was  about  3000,  and  the  recent  species  with 
which  they  had  been  compared  about  5000.  The  result  then 
arrived  at  was,  that  in  the  lower  tertiary  strata,  or  those  of 
London  and  Paris,  there  were  about  three  and  a  half  per  cent 
of  species  identical  with  recent ;  in  the  middle  tertiary  of  the 
Loire  and  Gironde,  about  seventeen  per  cent;  and  in  the 
upper  tertiary  or  sub-Apennine  beds,  from  thirty-five  to  fifty 
per  cent.  In  formations  still  more  modern,  some  of  which  I 
had  particularly  studied  in  Sicily,  where  they  attain  a  vast 
thickness  and  elevation  above  the  sea,  the  number  of  species 
identical  with  those  now  living  was  believed  to  be  from 
ninety  to  ninty-five  per  cent.  For  the  sake  of  clearness  and 
brevity,  I  proposed  to  give  short  technical  names  to  these 
four  groups,  or  the  periods  to  which  they  respectively  be- 
longed. I  called  the  first  or  oldest  of  them  Eocene,  the 
second  Miocene,  the  tbird  Older  Pliocene,  and  the  last  or 
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fourth  Newer  Pliocene.  The  first  of  the  above  terms,  Eocene, 
is  derived  from  60«,  dawn,  and  kainos,  recent,  because  the 
fossil  shells  of  this  period  contain  an  extremely  small  propor- 
tion of  living  species,  which  may  be  looked  upon  as  indicating 
the  dawn  of  ^e  existing  state  of  the  testaceous  fauna,  no 
recent  species  having  been  detected  in  the  older  or  secondary 
rocks.  The  term  Miocene  {melon,  less)  is  intended  to  express 
a  minor  proportion  of  recent  species  (of  testacea) ;  and  the 
term  Pliocene  (pletouy  more)  a  comparative  plurality  of  the 
same.  It  may  assist  the  memory  of  students  to  remind  them 
that  the  miocene  contain  a  minor  proportion,  and  pliocene  a 
comparative  joZurality  of  recent  species  ;  and  that  the  greater 
number  of  recent  species  always  implies  the  more  modern  origin 
of  the  strata.  It  has  sometimes  been  objected  to  this  nomen- 
clature, that  certain  species  of  infusoria  found  in  the  chalk  are 
still  existing,  and,  on  the  other  hand,  the  Miocene  and  Older 
Pliocene  deposits  often  contain  the  remains  of  mamnvilia, 
reptiles,  and  fish,  exclusively  of  extinct  species.  But  the 
reader  must  bear  in  mind  that  the  terms  Eocene,  Miocene, 
and  Pliocene  were  originally  invented  with  reference  purely 
to  conchological  data,  and  in  that  sense  have  always  been,  and 
are  still,  used  by  me.  The  distribution  of  the  fossil  species 
from  which  the  results  before  mentioned  were  obtained  in 
1830  by  M.  Deshayes  was  as  follows : — 

In  the  formations  of  the  Pliocene,  older  and  newer,  .  777 

In  the  Miocene, 1021 

In  the  Eocene, 1238 

3036 

Since  the  year  1830,  the  number  of  new  living  species 
obtained  from  different  parts  of  the  globe  has  been  exceed- 
ingly great,  supplying  fresh  data  for  comparison,  and  enabling 
the  palaeontologist  to  correct  many  erroneous  identifications  of 
fossil  and  recent  forms.  New  species  also  have  been  collected 
in  abundance  from  tertiary  formations  of  every  age,  while  new- 
discovered  groups  of  strata  have  filled  up  gaps  in  the  pre- 
viously-known series.  Hence  modifications  and  reforms  have 
been  called  for  in  the  classification  first  proposed.  The  Eocene, 
Miocene,  and  Pliocene  periods  have  been  made  to  comprehend 
certain  sets  of  strata  of  which  the  fossils  do  not  always  con- 
form strictly  in  the  proportion  of  recent  to  extinct  species,  with 
the  definitions  first  given  by  me,  or  which  are  YBi^\\aiL*YCL*^'8i 
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etymology  of  these  terms."  In  Other  words,  the  student  must 
be  prepared  to  receive  these  terms  of  Sir  Charles  Lyell  simply 
as  technical  designations  for  certain  series  of  strata,  and  to 
regard  them  as  all  but  synonymous  with  Lower,  Middle,  and 
Upper  Tertiary. 


I. — EOCENE,   MIOCENE,    AND   PLIOCENE   GROUPS. 

316.  We  arrange  these  groups  under  one  category,  because 
they  evidently  belong  to  one  continuous  and  undisturbed  life? 
period,  which  gradually  underwent  a  diminution  of  tempera- 
ture till  the  advent  of  the  glacial  epoch.  It  is  quite  true  the 
percentage  of  living  species  is  much  less  in  the  lower  beds 
than  it  is  in  the  middle  or  upper ;  but  the  number  of  identical 
species  which  nins  throughout  the  whole,  and  the  impossibility, 
in  Ihost  districts,  of  making  any  lithological  separation, 
renders  it  the  safest  and  most  intelligible  plan  to  treat  these 
tliree  groups  under  one  head,  and  the  pleistocene  or  boulder- 
drift  under  another.  The  line  of  separation  between  these 
two  great  formations  is  broad  and  unmistakable  ;  it  is  not  so 
between  the  eocene,  miocene,  and  pliocene  series,  and  need  not 
be  attempted  unless  for  the  purpose  of  working  out  local 
details.  Confining  our  remarks  to  the  three  lower  groups,  we 
find  the  composition  and  succession  of  their  strata  so  extremely 
varied  and  irregular,  that  it  is  next  to  impossible  to  give  any- 
thing like  a  generally  applicable  description.  This  much  may 
be  said,  that  their  areas  are  usually  well  defined,  as  if  origi- 
nally deposited  in  inland  seas  or  estuaries;  that  they  give 
evidence  of  frequent  alternations  of  marine  with  fresh-water 
sediments ;  and,  on  the  whole,  are  less  consolidated  than  the 
rocks  of  older  systems.  They  consist  for  the  greater  part  of 
clays  and  sands,  with  interstratified  limestones,  gypsums, 
sandstones,  silicious  beds  (burrhstones),  calcareous  grits,  marls, 
and  occasional  beds  of  lignite. 


Lithological  Composition. 

317.  With  respect  to  the  composition  and  succession  of  the 
Eocene,  Miocene,  and  Pliocene  strata,  the  following  synopsis 
of  the  English  tertiaries  will  convey  a  better  idea  than  any 
detailed  description : — 
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MIOCENE. 


EOCENK 


PLIOCENE.  Y 


/Mammalipergus  Crag  of  Norfolk  and  Suffolk.— Consist- 
ing of  shelly  beds  of  sand,  laminated  clay,  and  yellowish 
loam,  with  layers  of  flinty  shingle  reposing  on  the  chalk, 
and  generally  covered  with  a  thick  bed  of  gravel,  abound- 
ing in  the  bones  of  mammals  ;  hence  the  name. 
Red  Crag  of  Norfolk  and  Suffolk. — A  deep  ferruginous 
shelly  sand  and  loam,  with  an  abundance  of  marine 
shells,  frequently  rolled  and  comminuted. 
Coralline  Crag. — A  mass  of  shells  and  polyzoa  in  cal- 
careous sand ;  or  compact,  and  forming  flaggy  beds  of 
limestone,  with  bands  of  greenish  marl.    Some  of  the 

V    harder  portions  are  used  as  building-stone. 

/Supposed,  on  palseontological  grounds,  not  to  be  repre- 
)  sented  by  any  of  our  British  strata,  unless  perhaps  the 
J  leaf-beds  of  Mull,  the  lignites  of  Antrim,  and  the  lignites 
\     of  Bovey  Tracey  in  Devonshire  belong  to  this  period. 


'  Fluvio-Marine,  or  Marino-Lacustrine  Beds  of  Hamp- 
shire and  Isle  of  Wight. — Consisting  of  clays  and  marls, 
sometimes  Indurated,  of  sandy  clays  and  subordinate 
layers  of  silicious  limestone,  some  of  which  (the  Hemp- 
stead beds,  &c.)  are  now  regarded  as  the  base  of  the 
Miocene. 

Bagshot  Sands. — A  marine  series  of  loose  sands,  sand- 
stone, greenish  sandy  clay,  and  fissile  marls. 

London  Clay. — A  brown  or  dark -blue  or  blackish  tena- 
cious clay,  with  layers  of  argillo-calcareous  nodules. 
Layers  of  greenish  sand,  and  masses  of  gypsum,  and  iron 
pyrites  not  unfrequent. 

BoGNOR  Beds. — Occur  towards  the  base  of  the  London 
clay,  and  consist  of  calcareous  and  silicious  nodules,  or 
of  coarse  green  indurated  sand,  with  septaria  and  numer- 
ous marine  shells.  • 

Plastic  Clay  and  Sands. — Composed  of  sand,  shingle, 
mottled  clays,  and  loam,  with  beds  of  rolled  flints  and 
marine  shells. 


Or,  attempting  with  Professor  Phillips  to  arrange  the  English 
tertiaries  into  palaeontological  "periods,"  we  should  then  have 
the  annexed  subdivisions  and  series  : — 


M  /Crag  Period.  —  Cetacea,  masto-  /  Littoral  deposits  on  the  shores  of 
S  I  don,  rhinoceros,  felis,  lutra ;  I  the  German  Ocean,  when  the 
§/  shells  numerous  of  existing  ge-  <:  laud  was  at  a  somewhat  lower 
2  I  nera,  frequently  of  existing  spe-  j  level  than  now.  Coralline  and 
gl     cies.  I     shell  deposits  farther  from  shore. 

ZHscontinuity  of  succession  here — Miocene  strata,  not  existiug  iu  BHtam. 
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/'Upper  Marino-Lacustrine  Pe- 
riod. —  Palseotherium,  anoplo- 
theriiim,  chseropotamiis,  &c. ; 
shells  of  existing  genera. 

Lower  Marino-Lacustrine  Pe- 
riod. — Shells  of  existing  genera. 

Barton  Period.  —  Shells  nume- 
rous, mostly  of  existing  genera, 
but  not  often  of  existing  species. 

Bracklesham  Period. 

BOGNOR  Period.  —  Shells  nume- 
rous, mostly  of  existing  genera, 
rarely  of  existing  species ;  land 
animals  mostly  of  extinct  ge- 
nera —  coryphodon,  hyracothe- 
rium,  didelphys,  macacus. 

Thanet  Period.  —  Shells  few, 
analogous  to  those  above,  dis- 
tinct from  the  mesozoic  shells 
below. 


Fresh-water  and  marine  deposits 
of  Hempstead  and  Bembridge 
in  Isle  of  Wight.     {Miocene  t) 

Fresh-water  and  marine  deposits 
of  Headon  Hill. 

Marine,  argillaceous,  and  arena- 
ceous deposits. 

Arenaceous,  argillaceous,  and  lig- 
nitic  deposits.  (Lignite  from  i 
ft.  3  in.  to  2  ft.  5  in.  thick.) 


Marine,  argillaceous,   and  arena- 
ceous deposits.    Septaria. 


Marine  and  fluviatile  deposits,  lig- 
nite, pebbles,  coloured  clays, 
and  sands. 


In  studying  the  preceding  synopsis,  the  student  must  not 
attach  to  these  so-called  "periods"  an  importance  and  signi- 
ficance that  was  never  intended  by  Professor  Phillips.  It  is 
by  no  means  attempted  to  set  up  the  Thanet  or  Bognor  beds 
as  the  exponents  of  independent  "life-periods;"  but  simply 
to  imply  that  sectionally  as  well  as  palaeontologically  the  one 
set  precedes  and  is  separable  from  the  other,  while  all  are 
component  portions  of  one  great  cainozoic  system.  The  term 
"  stage  "  {etage)  had  been  happier  and  more  applicable,  view- 
ing the  respective  series  as  successive  steps  in  a  great  forma- 
tion, and  regarding  their  fossil  diflferences  as  arising  more  from 
local  variations  in  the  areas  of  deposit,  and  from  other  geo- 
graphical conditions,  than  from  any  marked  biological  pro- 
gression during  the  time  of  their  deposition. 

318.  Taking  the  preceding  tabulations  as  sufficiently  descrip- 
tive of  the  London  and  Hampshire  tertiaries,  we  may,  for  the 
sake  of  comparison,  subjoin  a  section  (in  descending  order)  of 
the  strata  in  the  Paris  basin,  which  are  usually  regarded  as 
the  equivalents  of  the  English  eocene,  and  which  have  long 
since  been  rendered  classic  by  the  distinguished  researches  of 
Cuvier,  Brongniart,  Prevost,  and  D'Archiac : — 


UPPER  EOCENE. 


I.  Calcaire  de  la  Beauce,  or  upper  J 
fresh-water,  and  Gtes  de  Fontaine-  >  Hempstead  series, 
bleau.  ^ 
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3.  Gypseous  aeries  and  Hiildle  fresh- 
water calcaira  lacustre  moy en. 

3.  CBlcnireailicieui  (iL  partcouteni- 
poraneons  with  the  succeeding 
gronp!) 

4.  Oris  de  BeBnchnmp,  or  Sables 
Moyens. 


'.  Soisaonsis  Sanda,  0 


Lower  part  of  the  Bembridge  series. 

Oabome  seriea  and  npper  and  middle 
part  of  Headon  aeries. 
1  Headon  Hills  sands,  Barton,  Upper 
\     Bt^hot,  and  part  of  Bracklesliam 
(     beds. 

I  Bracklesham  beds. 

S  Lower  Bagahot,  iDtemiediato  in  age 
between  the  Bracklesham  beds  aud 
the  London  clay. 


3.  Argile  Plsstique  et  lignite. 

319.  As  with  tbe  Paria  and  English  deposits,  so  with  the 
other  tertiary  basins  of  southern  Fnuice,  Spain,  Austria, 
Hungary,  Italy,  &c. — all  oE  them  exhibiting  an  irregular 
succession  of  clays,  sands,  limestones,  marls,  gypsum,  and 
lignites,  which,  when  examined  lithologically  and  paheonto- 
logically,  are  clearly  referable  to  the  same  period  of  formation. 
Among  the  most  remarkable  features  of  foreign  tertiaries  are 
the  infusorial  and  foraminiferal  strata — the  former  constitut- 
ing such  TOcka  as  the  "  tripoli "  of  Bohemia  and  Virginia,  and 
the  latter  the  "nummulitic  limestones"  of  the  Old  World 
and  the  orbitoidal  of  the  New  The  tnpoh  consists  al 
most  entirely  of  the  sihcious  covenngs  of  diatomacese  and  is 
often  of  great  thickness  as  at  Richmond  in  Virginia  'nhere 


it  is  nearly  thirty  feet ;  while  the  nummulitic  and  orbitoi<3a.\. 
limestones,    mainly  composed  of    coin-ahapei  tuummu»,  ^ 
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coin)  and  globular  (prhis^  a  globe)  foramiuiferal  shields,  are 
undoubtedly  the  most  important  of  tertiary  strata.  Respect- 
ing the  nummulitic  limestone,  which  contains  many  other 
forms  of  foraminifera,  and  has  altogether  a  cretaceous  aspect. 
Sir  Charles  Lyell  remarks,  that  "it  often  attains  a  thick- 
ness of  many  thousand  feet,  and  extends  from  the  Alps  to 
the  Apennines.  It  is  found  in  the  Carpathians,  and  in 
full  force  in  the  north  of  Africa — as,  for  example,  in  Algeria 
and  Morocco.  It  has  also  been  traced  from  Egypt  into 
Asia  Minor,  and  across  Persia  by  Bagdad  to  the  mouths  of 
the  Indus.  It  occurs  not  only  in  Cutch,  but  in  the  moun- 
tain-ranges which  separate  Scinde  from  Cabul;  and  it  has 
been  followed  eastward  into  India."  Another  peculiar  rock 
of  the  period  is  the  so-called  indusial  limestone  of  Auvergne — 
a  series  of  fresh-water  strata,  almost  wholly  composed  of  the 
cases  or  "  indusiae  "  of  caddis-worms  (the  larvae  of  Phryganea). 
We  say  so-called  indusial  limestone,  for  several  entomologists 
entertain  doubts  as  to  this  explanation  of  its  origin,  and  would 
rather  ascribe  it  to  some  chemico-concretionary  action.  What- 
ever its  origin,  the  supposed  insect-cases  have  been  incrusted 
with  carbonate  of  lime,  like  shells  in  recent  shell-marl,  and 
have  subsequently  been  consolidated  into  a  species  of  traver- 
tine. The  rock  is  described  as  "  sometimes  purely  calcareous, 
but  there  is  occasionally  an  intermixture  of  silicious  matter; 
and  several  beds  of  it  are  frequently  seen,  either  in  continuous 
masses  or  in  concretionary  nodules,  one  upon  another,  with 
layers  of  marl  interposed."  Besides  these  indusial  and  num- 
mulitic limestones,  there  are  others  of  true  oolitic  texture  (in 
the  basin  of  the  Limagne),  and  scarcely  distinguishable  from 
our  older  Bath  stone,  were  it  not  for  the  land-shells  and  bones 
of  quadrupeds  interspersed  through  the  mass. 


Pal£eontological  Aspects. 

320.  As  already  stated,  the  organic  remains  of  the  system 
are  all  of  cainozoic  types — ^that  is,  either  closely  resemble,  or 
are  identical  with,  existing  genera  and  species.  Of  course, 
since  the  commencement  of  the  Eocene  period,  many  forms  of 
life  have  died  away,  and  it  is  to  these  extinct  families,  rather 
than  to  those  still  surviving,  that  we  shall  now  direct  attention. 
The  Flora  of  European  Tertiaries  exhibits  few  marine  species 
— the  loose  and  unconsolidated  nature  of  the  deposits  being 
unfavourable  to  their  pTe8erf«i\A.oxv,  b\kt  the  fluvio-  or  lacustro- 
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marine  beds  contain  remains  that  can  be  referred  to  the  Ijco- 
podiums ;  to  the  palms,  cycads,  and  coniferie ;  and  to  tlie 
leguminosfe,  amentacee,  and  other  true  dicotyledonous  families. 
Detached  leaves,  fruits,  seeds,  and  seed-vessels  are  common  in 
the  clays  of  the  London  basin ;  and  the  lignites  of  France 
and  Germany  exhibit  abundant  evidence  of  the  dicotyledonous 
or  true  timber -tree  structure.  Such  names  as  lycopoditet, 
flahellaria  (fan-palm),  carpolitket  {carpifs,  fruit),  cupresdniiei 
(aipretsvs,  the  cypress -tree),  »olenastrobua  {strobilug,  a  fir- 
cone), faboidea  (faba,  a  bean),  legttminonteg  (legumen,  a  pod), 
triearpellitei,  nipadites,  mimoaitet,  petrophitoidea,  chara,  and 
the  Hke,  sufficiently  indicate  the  external  appearance  and 
supposed  alliances  of  these  vegetable  fossils.  As  already 
mentioned,  the  great  repositories  of  the  Tertiary  Flora  are  the 


lacuslr/iie  lignites,  and  from  these  M.  Brongniart  has  obtained 
the  following  classified  examples  ;  —  CeUnlar  Cryptogams, 
mwcjfes/ Vascular  Cryptogams,  equitetites,  JUieitce,  lyeopodites, 
chara;  Gymnospermous  Phanerogams,  pinut,  taxiUs ;  Mono- 
cotjledonons  Phanerogams,  smilacifes,  fiaMlaria,  etidogenitea, 
poaciUi;  and  Dicotyledonous  Phanerogams,  eomptonia,  bdvla, 
carpinua,  phyllites,  nympkcea,  culmites,  carpolitkes,  and  exogen- 
iles.  On  the  whole,  the  flora  of  the  European  tcrtiaries  is  yet 
indifferently  worked  out,  but  important  results  may  shortly 
be  expected  from  the  labours  of  Professor  Heer  and  others 
who  have  recently  entered  on  this  much  -  neglected  field  oi 
investigation.     Bemaiiis  in  lignite  are  no  dovA>t  iS^co^^  ^V 
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preservation,  but  when  fresh  taken  up  their  characters  are  often 
clear  and  well  defined,  and  much  good  work  might  be  done 
by  local  examination  in  the  course  of  a  single  summer.  Of 
the  Florse  of  such  tertiariea  as  the  hgnitea  of  New  Zealand, 
Bengal,  and  other  distant  localities  we  know  little,  as  yel^ 
beyond  the  fact  that  they  differ  in  species  from  those  now 
growing  in  the  same  regions,  and  eeem  to  indicate,  as  in 
Europe,  considerable  climatic  and  geographical  changes  since 
the  time  of  their  deposit. 

321.  Of  the  Fauna,  the  invertebrate  orders — infusoria, 
foraminifera,  corals,  sea-urchins,  star-fishes,  serpulse,  barnacles, 
Crustacea,  and  shell-liskes — are  extremely  abundant,  both 
numerically  and  in  point  of  species.  Our  limits  will  only 
permit  ua  to  mention  a  few  of  the  more  common  genera — and 
these  as  occurring  more  especially  in  English  and  Continental 
strata.  The  foraminifera  are  perhaps  most  abundantly  repre- 
sented by  dentalina,  nodosaria,  nummulites,  orhitoides,  poly- 
irwrpkina,  and  caleartna,  bi-,  tri-,  and  quiiupie-ltxMlitia ;  the 
the  corals  by  tvr- 


Urwlia,  paraeyatkas,  dejidrophyllia,  earyophi/lUa 

&C. ;  the  sea-urchins  by  eckiime,  ddarit,  hemiaMer,  echinocg- 

amiM,  ic  ,  the  starfishes  by  astropectert  and  goniaster;  the 


crinoids  by  penlacnnus  and  comalula;  the  annelids  by  serjuda, 
spirorJm,  and  vemiieularia,  ifec. ;  the  cirripeds  1;^  haloMi*  and 
jxdlieipes  i   and  the  cmaWces,  \)^  wudi  common  forms  « 
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poffiirui,  xanthoptit,  holoparia,  arcjueoearaimt,  cyAere,  and 
ei/tha'dla.  So  closely  rdated  are  many  of  the  teatacea  to 
tliose  of  onr  present  seas,  that,  as  formerly  stated,  the  groups 
eocene,  mtoeene,  &c.,  have  been  instituted  on  the  percentage  of 
existing  shells  found  in  their  strata.     Thus : — 

Pleistocene,  from  90  to  9S  of  living  epecies. 

Pliocene,         „    60  to  80       „  ,, 

Miocene,         „    30  to  30       „  „ 


Of  these  some  of  the  most  persistent  and  widely  distributed 
genera  are  the  bryozoa,  esdiara,  fluttra,  lepralia,  cellepora, 
and  litbulipora ;  the  monomyaria,  ostrea,  peclen,  lima,  and 
anomia  ;  the  dimyaria,  cardium,  tzstarte,  tellina,  eorbula,  area, 
ttucula,  Iweina,  i&c  ;  the  gasteropoda,  ceriihiwm  futm,  murex, 
pleurotoma,  tuuso,  natiea,  valuta,  pyrtda,  turitella,  oliva, 
coHua,  kc. ;  and  the  cephalopoda,  7iautilit»  and  hdotepia.  It 
is  now,  too,  that  we  detect  in  these  tertiaiy  marls  and  clays 
the  approximating  species  of  our  lyrrmece,  paludiwe,  planorhtt, 
and  otiier  fresh-water  shells;  the  terrestrial  snails,  Mix,  pupa. 


ctaunlia,  &c.,  so  slenderly  represented  in  other  epochs — thus 
showing  that  marine,  fresh- water,  and  terrestrial  condi- 
taona  were  ever  concomitants,  though  the  latter  has  been 
8ore)y  obliterated  by  the  superficial   cliangea  Ui  ^\i<i!a.  'Cat 
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older  formations  have  been  subjected.  So  closely  allied, 
indeed,  are  many  of  the  tertiary  genera  to  the  inhabitants 
of  existing  seas  in  one  or  other  region  of  the  world,  that 
the  best  way  to  study  their  variations  of  form,  is  to  arrange 
them  en  suite  with  the  shells  of  the  modem  conchologist.     By 


this  method  the  student  will  perceive  at  a  glance  the  effects 
of  climate  and  habitat  on  living  races,  and  he  will  be  enabled 
to  trace  down  through  the  pliocene,  miocene,  and  eocene  strata 
that  gradual  departure  from  existing  forms  which  "progress 
iu  time  "  seems  to  stamp  on  vital  manifestations  even  over  the 
same  areas  of  the  world,  and  where  there  ia  no  apparent 
change  iu  physical  conditions  to  account  for  the  onward 
mutation. 

32Z.  Turning  next  to  the  vertebrate  animals  of  the  period, 
we  find  the  greatest  difference  taking  place  between  the  mam- 
mals and  those  of  present  times.  With  regard  to  the  Fishis, 
'■they  are  so  nearly  related,"  says  M.  Agassiz,  "to  existing 
forms,  that  it  is  often  difficult,  considering  the  enormooa 
number  (above  8000)  of  living  species,  and  the  imperfect  state 
of  preservation  of  the  fossils,  to  determine  exactly  their  specific 
relations.  In  general,  I  may  say  that  I  have  not  yet  foand 
a  single  species  which  was  perfectly  identical  with  any  marine 
existing  fish,  except  the  little  species  (mallofus)  which  is  found 
in  nodules  of  clay,  of  unknown  age,  in  Greenland."  Tbe 
most  common  tckthyolites  in  the  English  tertiaries  are  the  shark- 
iike  teeth  of  giganlii;  fAacoids,  -^iVLck  Mem  to  have  througed     ^ 


P^LAONTOLOOICAL  ABPSCT8.  369 

the  waters,  and  are  known  by  such  names  as  myliobatU, 
actiobatit  (ray),  lamna,  carchartidon  (shark),  prutu  (saw-fisb), 
olodttt,  &c.     Of  the  ganoids  we  have  such  forms  as  phi/Uodm, 


lepidosteax,  and  accipetuer  (sturgeon) ;  of  cycloids,  ccelorhymehua 
(sword-fish),  cwlopoma,  bothroeteun,  and  g<miogn<itkus  ;  aud  of 
ctenoids,  cceloperca,  percostoTrta,   euiygncUhiis,   and  i 


In  the  fresh-water  lignites  the  genera  jifrea.  (perch),  mvgil, 
[fusmeui,  and  Cffprimis  (carp),  are  perhaps  the  most  abundant. 
Among  the  Reptiles  the  most  common  are  the  fresh-water 
and  marine  turtles  {ckelone,  emtji,  trionyx,  and  platemys) ;  true 
analogues  of  the  existing  crocodile  and  gavial  (croeodilug, 
gaoialU,  and  alligator) ;  and  sea-snakes  (palceophis  and 
paleryx).     Of   Birds   several   species  have  been   described. 


chiefly  from  the  Paris  and  North  Amencan  terfiarvea,    ^A 


these  the  eoceae  conglomerates  of  Meudon  ^^e  '^ 
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mains  of  a  gigantic  bird  (ga»tomi»  Paritien»i»),  apparently 
intermediate  between  the  wading  and  aquatic  orders  (the  tibia 
indicating  a  bulk  fully  equal  to  that  of  the  ostrich) ;  and  in 
the  miocene  strata  have  been  found  several  others  that  would 
seem  to  be  connected  with  the  genera  buzzard,  quail,  curlew, 
heron,  sea-lark,  kingfisher  (hcdeyomis),  pelican,  and  vulture 
(litliomis) ;  while  many  unknown  fragments  of  bird-bones  are 
merely  as  yet  ranked  under  the  general  term  ornitholites.  Of 
the  Mammalia  every  existing  order  has  had  its  tertiary  repre- 
sentatives— that  is,  if  we  include  in  this  category  all  the  strata 
and  accumulations  which  occur  between  the  older  eocene  and 
the  "newer"  pliocene  that  lies  immediately  beneath,  and  in 
some  instaiices  inosculates  with,  the  "glacial  or  northern 
dtift"  of  the  pleistocene  epoch.  It  must  be  remembered, 
however,  that,  though  certain  forms  run  throughout  the  entire 
system,  many  are  specially  characteristic  of  the  eocene  and 
miocene,  while  others  do  not  appear  till  towards  the  close  of 
the  pliocene,  or  even  the  commencement  of  the  pleistocene 
epoch.  Of  course,  the  intelligent  student  is  now  prepared 
for  such  gradations  and  advances  during  every  geological 
era ;  and  though  there  can  be  no  satisfactory  working  out 
of  details  without  such  divisions  and  stages,  it  is  enough 
for  the  purposes  of  a  general  elementary  outline  to  nol« 
merely  the  leading  forms  that  belong  to  the  system.  Thns 
the  Cetacea  (whales)  are  represented  by  several  species, 
as  bcdmna,  ha1<enodon,  zeufflodort,  and  celoliiet,  or  fossil  ear 


bones  of  unknown  species ;  the  Edentata  (toothless  auimelB) 
by, gigantic  analogues  of  the  sloth,  armadillo,  and  ant-eaUr, 
as  megatherium,  (great  wild  beast),  megalonyx  (great-daw), 
fflyptodon,  (sculptured -tooth),  toxodem,  (bow-tooth),  mylodM 
(mill-  tooth),  packyOuriii'm,  &,c,  ■,  Alie  S.uminantia  (cud-ohewen) 
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by  several  species  of  elk  stag  antelope,  bufialo  ox  &c.,  as 
x^phodott,  dUhobant,  cervtu  m^acerM  tintt  &c.  aud  by  some 
curious  intermediate  forms,  imitmg  as  it  were  the  characters 
of  niminauts  and  pachyderms,  as  nvathenum  (from  the  Sivalik 


range  in  India),  ocrodon  and  ericrotapkug,  the  camel  like  mery- 
cotherium  from  the  Siberian  drift,  the  llama-like  macrauchenia 
from  the  pampas  of  Erazil,  and  the  tusked  and  homed  dinocfrai 
from  the  western  territories  of  North  America ;  the  Pachyder- 
mata  (thick-skins)  by  numerous  uncouth  tapir-like  forms,  as 
palceolAervum  {pcdaios,  ancient,  tlierium,  wild  beast),  anoplo- 
therium,  {anoploa,  defenceless),  deinotherium  {deinot,  terrible), 
paloplothfrium  and  cotyphodon — hog-like  genera,  as  hyraoa- 


thcnum,  ehcEropotainut,  and  kytq>otamut — intermediate  or  com- 
pound forms,  as  dickodon,  pc^irotkerivTn,  &c. — allies  of  the 
rhinoceros  and  hippopotamns,  as  oeerofheriTim.  khA  ardwEo- 
ihemtm — and  tnie  elephantoid  genera,  Bfi  tiie  mostoAoTt.  «oft. 
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mammoth ;  the  Rodentia  (gnawera)  by  a  number  of  species, 
chiefly  from  the  Paris  miocenes,  allied  to  the  beaver  (ca*tor), 
hare  (Itpue),  rat  {lagomyn),  squirrel,  ifcc;  the  Carnivora  (flesh- 
devourers)  by  species  akin  to  the  lion  (fdii),  bear  (urvus 
fptlceut),  hyiena  {hycenodon.),  intermediate  between  the  hyasna 


aod  tiger  (machairodng),  otter  (lutra),  fox,  seal,  &c. ;  the  In- 
sectivora  (insect^aters)  by  remains  of  a  species  of  mole  (spala- 
eodon) ;  the  Cheiroptera  (hand  -  winged)  by  two  or  three 
species  of  bat  from  the  gypsum  beds  of  Montmartre  {vesptr- 
ti/io) ;  the  Marsupialia  (pouch -nursing)  by  several  species 
allied  to  the  kangaroo  and  opossum  {diaelphys  and  macropuf), 
and  some  pachyderm-like  representatives  of  the  same  great 
group  as  diprotodon  and  iiotot/ieri'um ;  and  the  Quadrumaua 
(four-handed)  by  several  examples  (pliopit/ieeut,  dryopitheevt, 
mesopithecus)  from  the  miocene  beds  of  France  and  Greece, 
and  so  called  from  their  apparent  affinity  to  the  tailed 
monkeys  of  Southern  Asia  ;  as  well  as  a  genuine  maeaati,  or 
ape,  from  the  pliocene  and  eocene  deposits  of  England.  Thus 
every  order  of  mammal,  with  the  exception  of  man,  has  its 
represc'-.tativB  during  the  tertiary  epoch — differing  it  may  be 
in  certain  species,  but  still  presenting  on  the  whole  such  a 
faoies  of  resemblance,  that  one  feels  that  he  is  apptoacbiag 
the  confines  of  existing  nature. 

323.  Contrasting  the  fauna  of  the  tertiary  with  those  of 
earlier  epochs,  the  student  cannot  fail  to  perceive  that  its 
grand  distinguishing  feature  was  the  presence  of  mammalian 
life ;  and  comparing  these  mammalia  with  those  now  peopling 
the  globe,  he  must  be  struck  with  the  frequency  of  compound 
or  intermediate  forms.  At  present,  many  of  our  zoological 
/antiliet  link  one  into  fUe  ofti.et\(Y  \.\iafeieat  ^adations;  duiing 
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tlie  tertiary  epoch,  aimilar  conDectJug-links  seem  to  have  pre- 
vailed between  the  most  distant  mammalian  orders  ;  and  Uius 
we  are  presented  with  cetacean-like  pachyderms,  pachyderm- 
like ruminante,  and  ruminants  that  seem  to  coalesce  with  the 
edentates  and  rodents.  Among  these  curious  forms  we  may 
notice  the  atuq)lothere,  which  combines  the  pachydermal 
characters  of  the  tapir  with  the  lightness  and  agility  of  the 
ruminant  gazelle ;  the  deinothere,  with  its  eleplmntal  trunk 
and  morse-like  tnsks,  affording  a  new  and  important  link 
between  the  cetaceans  and  pachyderms;  the  halithtre,  that 
connects  still  more  closely  the  quadrupedal  hippopotamus 
with  the  natatorial  dugong ;  the  aTiihraco&ere,  that  stands 
intermediate  between  the  river-hog  and  hippopotamus ;  the 
mracratichenia,  which  forms  a  new  !ink  between  the  aberrant 
group  of  ruminants  to  which  the  camel  and  llama  belong  and 
the  true  pachyderms ;  the  gigantic  livatkere,  with  its  prehen- 
sile trunk  and  fourhomed  skull,  exhibiting  at  once  the  adap- 
tations of  the  elephant  and  the  defences  of  the  ruminant 


antelope ;  the  dinocenu,  combining  the  horns  of  a  ruminant 
with  the  canines  of  a  carnivore ;  the  datmofJiere,  that  connects 
the  bulk  of  the  ungulate  rhinoceros  with  the  swiftness  of  the 
solid-hoofed  horse ;  and  the  carnivorous  mackairodtit,  that 
combines  the  size  and  weight  of  the  grizzly  bear  with  the 
trenchant  dentition  of  the  Bengal  tiget,    Tbma,  Mvft.  tosl-k^ 
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more  described  by  Cuvier,  Kaup,  Oweo,  Falconer,  Marsh,  and 
others,  open  up  new  and  extensive  fields  of  speculation  to  the 
anatomist  and  physiologist,  convincing  them  more  and  more 


that  a  comprehensive  and  satisfactory  scheme  of  Biology  will 
never  be  obtained  till  the  discoveries  of  the  paUeontologist  are 
grafted  upon  and  interwoven  with  the  classification  of  the 
zoologist. 


Fhysitul  anil  Qeographical  Features. 

324.  With  respect  to  the  extent  and  distribution  of  the 
lower  tertiaries — laying  aside  the  nummulitic  limestone,  which 
is  in  some  respects  a  peculiar  development — ^we  have  as  yet 
no  certain  knowledge.  As  there  is  often  no  perceptible  min- 
eral distinction  between  many  clays,  sands,  and  gravels,  it  is 
only  by  their  embedded  fossils  that  geologists  can  determine 
their  tertiary  or  post-tertiary  character.  Many  accumulations 
at  present  regarded  as  superficial  may  be  found  hereafter  to 
be  of  older  date  ;  and  thus  it  becomes  difficult  to  fix  with 
certainty  the  geographical  limits  of  the  system.  So  far  as 
Europe  is  concerned,  tertiary  deposits  have  received  consider- 
able attention,  and  their  area  has  been  found  to  be  much 
more  extensive  than  was  at  one  time  supposed.  In  general, 
the  deposits  occupy  well-defined  tracts  or  basins ;  hence  the 
frequent  reference  in  works  on  geolo^  to  the  "London  basin," 
"Hampshire  basin,"  "Paris  basin,  "Vienna  ba^"  and 
other  tertiary  areas  in  Europe.  As  far  as  discovery  has  gone, 
there  are  few  countries  in  which  tertiary  strata  have  not  been 
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detected  (see  Recapitulatory  tabulation) ;  and  while  we  regard 
those  of  England,  France,  Austria,  and  Italy  as  typical,  we 
must  ever  bear  in  mind  that  considerable  modifications  may 
require  to  be  made,  as  the  tertiaries  of  India  and  North  and 
South  America  come  to  be  more  closely  examined. 

325.  One  important  fact  must  not  be  lost  sight  of  in  draw- 
ing any  general  conclusions  from  the  distribution  of  tertiary 
deposits — Yiz.y  that  as  the  flora  and  fauna  of  the  period  ap- 
proach in  character  the  flora  and  fauna  of  existing  nature,  and 
that  as  the  plants  and  animals  of  Europe,  India,  Australia, 
South  America,  <fec.,  all  differ  widely  from  each  other,  so  may 
we  expect  similar  differences  among  the  fossil  remains  of  these 
distant  regions.  And  this,  as  will  afterwards  be  seen,  is  fully 
borne  out — the  tertiary  mammals  of  South  America  resem- 
bling the  sloths,  armadilloes,  ant-eaters,  and  alpacas  of  that 
continent;  those  of  Australia  its  marsupial  kangaroos  and 
opossums ;  those  of  New  Zealand  gigantic  wingless  birds  like 
the  apteryx ;  while  those  of  the  Old  World  have  more  imme- 
diate relationship  to  its  elephants,  rhinoceroses,  horses,  deer, 
and  oxen.  A  few  genera,  indeed,  as  the  mastodon  and  horse, 
seem  to  have  enjoyed  a  wider  range — fossil  species  being 
found  simultaneously  in  Europe,  Asia,  and  North  and  South 
America ;  but  this  can  scarcely  invalidate  the  great  general- 
isation expressed  by  Professor  Owen,  "that  in  the  highest 
organised  class  of  animals  the  same  forms  were  restricted  to 
the  same  great  provinces  at  the  Pliocene  period  as  they  are  at 
the  present  day."  And  here  it  may  be  remarked  that  the 
student  cannot  too  early  direct  his  attention  to  the  laws  which 
regulate  the  distribution  of  life  on  the  globe,  and  be  able  to  dis- 
tinguish clearly  between  identity  and  representation  of  species. 
During  the  Palaeozoic  and  Mesozoic  epochs  there  appears  to 
have  been  a  greater  identity  of  species  over  wide  areas;  during 
the  present  period  the  areas  are  more  circumscribed,  and  the 
species  in  one  region  are  only  the  representatives  of  those 
inhabiting  another — ^that  is,  are  specifically  different  in  form, 
but  disclmrge  the  same  functions  in  the  economy  of  nature. 
Thus  the  elephant  of  India  is  only  represented  by,  and  not 
identical  with,  the  elephant  of  Africa ;  the  lion  and  tiger  of 
Asia  are  represented  by  the  puma  and  jaguar  of  America ; 
and  the  African  ostrich  finds  its  representative  in  the  emu  of 
Australia. 

[A  curious  resemblance  between  the  flora  and  fauna  of  Tertiary  Europe 
and  those  of  modem  North  America,  has  been  indicated  by  Profes&oft 
Agassiz — a  resemblance  which  forcibly  recaWa  \.\ia\i  7?\i\0a.  '^^"^  lorraNSstN:^ 


376  TERTIARY  SYSTEM. 

instituted  by  Professor  Owen,  "between  the  Life  of  the  Oolite  and  that 
which  now  exists  in  the  continent  of  Australia.  Such  reprodnctions,  or 
rather  shift  ings  in  time,  of  the  fades  of  life  over  different  areas  of  the  glche, 
is  evidently  suggestive  of  some  great  law,  could  science  only  determine 
the  facts,  and  grasp  their  multifarious  relations.  "If  we  compare,"  says 
Agassiz,  in  his  *  Ijake  Superior,'  "the  fossil  trees  and  shrubs  from  the 
Tertiary  beds  of  (Eningen  with  a  catalogue  of  the  trees  and  shrubs  of 
Europe  and  North  America,  it  will  be  seen  that  the  differences  scarcely  go 
beyond  those  shown  by  the  different  floras  of  these  continents  under  the 
same  latitudes.  But  what  is  quite  extraordinary  and  unexpected  is  the 
fact,  that  the  European  fossil  plants  of  that  locality  resemble  more  closely 
the  trees  and  shrubs  which  grow  at  present  in  the  eastern  parts  of  North 
America,  than  those  of  any  other  part  of  the  world ;  thus  allowing  us  to 
express  correctly  the  difference  between  the  opposite  coasts  of  these  con- 
tinents, by  saying  that  the  present  eastern  American  flora,  and  I  may  add 
the  fauna  also,  have  a  more  ancient  character  than  those  of  Europe.  The 
plants,  especially  the  trees  and  shrubs  growing  in  our  days  in  the  United 
States,  are,  as  it  were,  old-fashioned ;  and  the  characteristic  genera, 
Lagomys,  Chelydra,  and  the  large  salamanders  with  permanent  gills,  that 
ren)ind  us  of  the  fossils  of  CEuingen,  are  at  least  equally  so  : — they  hear  the 
7)iarks  offoriner  ages. "] 

326.  The  igneous  rocks  associated  with  the  system  may, 
with  the  exception  of  a  few  doubtful  cases,  be  ranked  as 
volcanic  or  post-trappean  products.  In  England  the  tertiary 
strata  have  suffered  no  internal  change  from  igneous  action, 
though,  since  their  deposition,  vast  displacements  have  taken 
place,  giving  rise  to  the  synclinal  basins  of  London  and  Hamp- 
shire, and  the  inclined  and  even  vertical  strata  of  the  Isle  of 
Wight.  In  Scotland  the  (miocene?)  leaf -beds  of  Mull  are 
interstratified  with  igneous  tufas;  and  the  Hebrides  generally, 
as  well  as  the  opposite  coasts  of  Ireland  (Giant's  Causeway), 
give  evidence  of  volcanic  activity  during  the  deposition,  or  at 
all  events  towards  the  close,  of  the  pliocene  series.  In  Central 
France  (Auvergne),  along  the  Rhine  (Andernach),  in  Switzer- 
land (the  Alps),  in  Hungary  (the  Carpathians),  and  in  Italy, 
there  are  ample  evidences  of  volcanic  activity  during  the  de- 
position of  the  system,  and  of  enormous  displacements  and 
elevations  subsequent  to  its  close.  "  When  we  have  once  arrived 
at  the  conviction,"  says  Lyell,  "  that  the  nummulitic  formation 
occupies  a  middle  place  in  the  eocene  series,  we  are  struck  with 
the  comparatively  modern  date  to  which  some  of  the  greatest 
revolutions  in  the  physical  geography  of  Europe,  Asia,  and 
North  Africa,  must  be  referred.  All  the  mountain  -  chains, 
such  as  the  Alps,  Pyrenees,  Carpathians,  and  Himalayas,  into 
the  composition  of  whose  central  and  loftiest  parts  tlie  num- 
mulitic  strata  enter  bodily,  could  have  had  no  existence  till 
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after  the  Middle  Eocene  period.  During  that  period,  the  sea 
prevailed  where  these  chains  now  rise;  for  mimmulites  and 
their  accompanying  testacea  were  unquestionably  inhabitants 
of  salt  water.  Before  these  events,  comprising  the  conversion 
of  a  wide  area  from  a  sea  to  a  continent,  England  had  been 
peopled  by  various  quadrupeds,  by  herbivorous  pachyderms, 
by  insectivorous  bats,  by  opossums  and  monkeys.  Almost 
all  the  extinct  volcanoes  which  preserve  any  remains  of  their 
original  form,  or  form  the  craters  from  which  lava-streams 
can  be  traced,  are  more  modem  than  the  eocene  fauna ;  and 
besides  these  superficial  monuments  of  the  action  of  heat, 
Plutonic  influences  have  worked  vast  changes  in  the  texture 
of  rocks  within  the  same  period.  Some  members  of  the  num- 
mulitic  and  overlying  tertiary  strata  called  fl^sch  have  actually 
been  converted,  in  the  Central  Alps,  into  crystalline  rocks, 
and  transformed  into  marble,  quartz -rock,  mica- schist,  and 
gneiss."  The  crateriform  hills  of  Auvergne  and  the  Rhine 
present  the  finest  examples  of  the  latest  igneous  efforts  of  the 
period,  and  form  as  it  were  a  connecting  lithological  link 
between  the  secondary  traps  and  the  products  of  existing 
volcanoes.  In  their  mineral  composition  the  tertiary  traps 
are  chiefly  trachytic — graduating  from  a  compact  felspathic 
greystone  to  a  scoriaceous  tufa,  but  in  no  instance  presenting 
the  dark,  augitic,  and  basaltiform  structure  of  the  carboni- 
ferous traps,  nor  the  amygdaloidal  and  porphyritic  texture 
of  those  associated  with  the  old  red  sandstone  and  Silurian 
strata. 

327.  Respecting  the  distribution  of  sea  and  land,  and  the 
climatal  conditions  of  the  world  during  the  deposition  of  the 
tertiary  strata,  it  is  difficult  to  arrive  at  any  satisfactory  con- 
clusion. It  is  certain,  however,  that  one  or  other  of  the  groups 
is  to  be  found  in  every  region  of  the  globe ;  that  in  some 
instances  they  are  strictly  marine,  and  in  others  as  decidedly 
fresh- water;  while  in  many  basins,  as  in  England  and  France, 
they  are  partly  fresh-water  and  partly  marine,  as  if  there  had 
been  frequent  submergences  and  elevations,  or,  at  all  events, 
periods  when  fresh-water  elevations  prevailed  in  the  areas  of 
deposit.  As  to  physical  conditions,  the  cycads  and  palms  and 
monkeys  of  the  London  basin  give  evidence  of  a  genial  climate 
— ^a  fact  further  corroborated  by  the  huge  pachyderms  of  the 
Paris  strata,  the  gigantic  edentata  of  South  America,  and  the 
larger  marsupials  of  Australia.  On  the  whole,  there  seem 
to  have  been  wide  areas  of  shallow  seas  thronged  with  the 
humbler  as  well  as  higher  forms  of  mariive  M^  \  Vorw  ^^oss^-^ 
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islands  crowned  with  cycads  and  palms ;  broad  estuaries 
prowled  in  by  sharks,  and  tenanted  along  shore  by  herds 
of  halitheres  and  deinotheres ;  rivers  swarming  with  gavials 
and  crocodiles ;  lagoons  and  fresh-water  lakes  thronged  with 
anthracotheres  and  hippopotami;  dense  marshy  jungles  for 
the  palaeothere  and  rhinoceros ;  vast  forest-wilds  and  grassy 
pampas,  where  roamed  the  mastodon  and  mamnloth,  or  lazily 
squatted  the  megathere,  mylodon,  and  glyptodon;  open  pasture 
plains  for  the  sivathere,  urus,  and  buffalo;  and  still  higher 
and  drier  regions  where  the  notothere,  merycothere,  and 
macrauchenia  foraged  for  a  coarser  and  scantier  subsistence. 
All  these  conditions  are  not  found,  however,  in  any  one 
locality,  or  under  the  same  latitudes — there  being  then,  as 
now,  restricted  areas  beyond  which  certain  families  never 
passed ;  and  thus  it  is  that  we  can  account  for  the  fauna  of 
different  tertiary  areas — the  life  of  these  areas  bearing  some 
resemblance  to  the  life  that  now  peoples  the  same  geographical 
regions.  Looking  at  the  gradually  decreasing  areas  of  life- 
distribution  as  we  ascend  in  the  geological  scale,  it  would 
almost  seem  to  be  part  of  some  great  cosmical  law,  that  the 
lowlier  organisations  of  primeval  epochs  had  wider  ranges 
than  the  higher  organisations  of  later  epochs,  and  just  as 
vitality  became  more  specialised  in  its  forms  and  functions,  so 
the  areas  of  distribution  become  more  restricted  and  numerous. 
And  this  seems  to  hold  good  epoch  after  epoch,  till  Man 
appears  on  the  stage,  and  confers  on  certain  families  (the 
domesticated  animals)  a  portion  as  it  were  of  his  own  cosmo- 
politan nature  and  range  of  adaptability. 


Industrial  Products. 

328.  From  the  system  are  obtained  silidous  sands,  for 
mortar,  metal-moulding,  glass-making,  and  similar  purposes. 
Flint  gravels  for  walks,  roads,  concretes,  porcelain  admix- 
tures, &c.  Clays  of  various  qualities,  for  the  manufacture  of 
bricks,  tiles,  pipes,  pottery,  porcelain,  and  other  fictile  pnr- 
poses.  Limestones  of  various  origins  and  qualities,  for  mortar, 
agriculture,  and  the  like.  Septaria,  or  argillo  -  calcareoBS 
nodules,  for  the  manufacture  of  hydraulic  cements.  Gypsunu 
of  various  qualities  for  the  production  of  plaster-of-Paris,  stuc- 
coes, cements,  and  the  like;  also  for  agricultural  top-dressings 
and  admixtures.  Phosphatic  nodules,  or  "  coprolites,"  collected, 
cleaned,  crushed,  and  ua^  laigely  in  the  preparation  of  arti- 
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ficial  manures.  Burrh8t<ytie8,  or  calcareo  -  silicious  deposits, 
from  the  upper  fresh-water  beds  of  the  Paris  basin  as  well  as 
from  the  eocene  beds  of  the  southern  States  of  America,  and 
extensively  employed  in  the  construction  of  the  finest  and 
most  durable  millstones.  Lignites,  or  "  brown-coal,"  of  various 
qualities,  and  abundantly  developed  in  some  tertiary  areas 
(France,  Germany,  Austria,  Italy,  Greece,  New  Zealand,  &c.), 
used  for  fuel,  for  gas -making,  and  occasionally  for  the  dis- 
tilling of  bituminous  products.  Amber,  a  gum-resin  occur- 
ring in  some  lignitic  beds,  and  employed  in  the  fabrication 
of  ornamental  articles,  and  occasionally  in  the  preparation 
of  varnishes.  Clay  -  ironstone  in  nodular  masses,  as  in  the 
Bracklesham  beds  in  the  south  of  England.  Magnetic  iron- 
sand  from  certain  tracts,  and  pisolitic  iron-ore  from  the  basaltic 
district  of  Antrim,  occasionally  employed  in  the  production  of 
certain  kinds  of  steel. 

[As  a  description  of  a  Tertiary  coal  -  field,  and  the  only  one  formerly 
worked  in  Britain,  the  student  may  take  the  following  from  the  pen  of  Dr 
Miller :  "  The  whole  series  dips  to  the  south  and  south-east  about  20  inches 
in  a  fathom.  The  perpendicular  thickness  of  these  strata,  including  the 
beds  of  pipe-clay  with  which  they  are  interstratified  and  which*  have  long 
been  revoked,  is  about  70  feet.  There  are  about  six  of  each,  and  they  are 
found  to  continue  eastward  in  an  uninterrupted  course  to  the  village  of 
Little  Bovey,  a  mile  distant,  and  probably  much  farther.  The  strata  of 
lignite  near  the  surface  are  from  i  ^  to  4  feet  thick,  and  are  separated  by 
beds  of  brownish  unctuous  clay  nearly  of  the  same  dimensions,  but  diminish- 
ing in  thickness  downwards,  in  proportion  as  the  lignites  grow  thicker ;  and 
both  are  observed  to  be  of  a  more  compact  and  solid  substance  in  the  lower 
beds.  The  lowermost  stratum  of  coal  is  16  feet  thick  [its  thickness  is  not 
persistent] ;  it  lies  on  a  bed  of  clay,  under  which  is  a  sharp  greensand  of  17 
feet  thick,  and  under  that  a  bed  of  hard  coarse  clay,  into  which  they  have 
bored,  but  found  no  coal.  From  the  sand  arises  a  spring  of  clear  blue 
water,  which  the  miners  call '  mundic  water,'  and  a  water  of  the  same  kind 
trickling  through  the  crevices  of  the  coal  tinges  the  outside  of  it  with  a 
blue  cast,  derived  from  phosphate  of  iron.  Amongst  the  clay,  but  adhering 
to  the  coal,  are  found  lumps  of  a  bright  yellow  loam  (retinasphalt),  which 
bums  with  an  agreeable  scent  [the  lignite  itself  burning  with  a  stifling 
disagreeable  odour].  Some  of  the  coal  is  black,  and  nearly  as  heavy  as  pit- 
coal — this  is  called  'stone-coal;'  the  most  remarkable  resembles  wood  in 
the  grain  [flabelliform  leaves,  coniferous  wood,  &c.],  so  much  as  to  be  called 
*  wood  or  board  coal'  [and  some  layers  consist  entirely  of  compressed  leaf- 
matter,  like  the  papier  kohle  of  Germany].  Some  plants,  like  grass  and 
reeds  [juncese,  phragmites  ?],  lie  in  the  alternating  clays,  which  are  in  part 
carbonaceous."  More  recently  the  field,  and  especially  its  flora,  has  been 
described  by  Mr  Pengelly  and  Dr  Oswald  Heer]. 
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II. — PLEISTOCENE  GROUP. 


329.  This  group,  as  the  name  implies,  is  intended  to  em- 
brace all  tertiary  accumulations,  the  organic  remains  of  which 
are  chiefly  referable  to  existing  species.     In  the  present  state 
of  geological  knowledge,  it  is  impossible  to  define  with  preci- 
sion the  limits  of  pleistocene  tertiaries,  and  all  that  can  be 
attempted  is  to  arrange  under  one  head  the  clays,  sands,  gravels, 
and  boulders  generally  known  as  the  "  drift  formation."    One 
thing  is  certain,  namely,  that  while  the  eocene,  miocene,  and 
pliocene  strata  were  gradually,  and  during  a  long  series  of 
ages,  deposited  in  seas,  estuaries,  and  lakes,  surrounded  by 
lands  that  enjoyed  a  genial  and  equable  climate,  some  immense 
changes,  physically  and  geographically,  took  place  over  these 
areas,  which  brought  the  pliocene  to  a  close  and  heralded  the 
advent  of  the  pleistocene  era.     The  distribution  of  pliocene 
seas  and  lands  over  a  large  portion  of  the  northern  hemisphere 
seems  to   have    been   somewhat   suddenly  broken   up,  the 
climate  was  changed,  and  the  huge  mammalia  that  browsed 
in  thousands  in  the  jungly  valleys,  and   roamed  over  the 
wooded  plains,  met  with  a  rapid  and  all  but  total  extinction. 
We  have  already  alluded  to  the  extensive  dislocations  that 
succeeded  the  deposition  of  the  stratified  tertiaries  in  England, 
and  to  the  upheaval,  in  greater  part,  of  such  gigantic  mountain- 
ranges  as  the  Pyrenees,  Alps,  Atlas,  Carpathians,  and  Hima- 
layas; and  clearly  to  some  such  physical  mutation  as  this 
is  to  be  ascribed  the  total  change  of  climatal  conditions,  all 
over  these  latitudes,  that  accompanied  the  accumulation  of  the 
Pleistocene  clays,  gravels,  and  boulders.   The  ordinary  deposi- 
tions of  marine  and  marino-lacustrine  sediments  are  brought 
to  a  close,  the  shell-fish  that  thronged  the  waters  die  and  are 
swept  together  in  miscellaneous  masses,  the  elephantoid  and 
other  pliocene  mammals  succumb  to  the  rigours  of  an  arctic 
climate,  and  their  bones  are  drifted  together  in  mounds  of 
"ossiferous  gravel"  and  "ossiferous  breccia,"  or  piled  into 
caves  ("bone-caves")  that  were  formerly  the  lairs  and  hiding- 
places  of  their  carnivorous  contemporaries.      It  is  usual  to 
treat  these  ossiferous  gravels  and  cave-deposits  as  belonging  to 
a  "  Pregladal  period^^^  intermediate  between  the  true  pliocene 
and  pleistocene  deposits;  but  as  the  time  was  one  chiefly 
characterised  by  its  local  extinctions,  it  were  better  to  regaid 
it  not  as  an  independent  life-period,  but  merely  as  the  capping 
or  closQ  of  the  Pliocene,  to  whose  forms  of  vitality  all  its 
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broken  and  mutilated  fragments  belong.  And  yet  we  must 
be  careful  to  note,  that  this  apparently  sadden  transition 
from  Pliocene  to  Pleistocene  is  at  the  most  but  a  local  and 
partially  -  explained  phenomenon ;  for  when  we  turn  to  the 
North  American  continent  we  find  a  continual  refrigeration 
taking  place  during  the  Pliocene  period,  as  evidenced  by  the 
disappearance  of  southern  and  the  gradual  appearance  of 
more  northerly  forms  of  mollusca. 


Ossiferous  Gravels,  Breccias,  and  Caverns. 

330.  Adopting  this  view,  we  may  state  in  very  general 
terms,  that  above,  and  of  more  recent  date  than,  the  newest 
pliocene  lignites,  clays  and  marls  occur  in  many  parts  of  the 
northern  hemisphere,  accumulations  of  drifted  shells ;  gravels 
replete  with  bones  of  terrestrial  and  marine  mammals  (ossifei> 
ous  gravels) ;  cemented  and  stalagmitic  bone-breccias  in  caves 
and  fissures  (osseous  breccias) ;  and  caverns  in  limestone  ridges 
filled  with  bones  embedded  in  ochraceous  mud  or  stalagmite 
("  cave-earth"),  some  of  these  the  skeletons  of  animals  that 
had  laired  and  died  there,  and  others  that  had  been  dragged 
thither  and  devoured  by  camivora,  or  had  been  drifted  by 
waves  and  currents,  while  the  sea  and  land  stood  at  varying 
and  variable  levels.  These  phenomena  are  clearly  the  results 
of  the  physical  mutations  that  brought  the  Pliocene  epoch  to 
a  close,  and  though  the  remains  differ  considerably  from  those 
of  the  lower  tertiaries,  and  approximate  more  closely  to  recent 
species,  still  their  general  facies  is  tertiary,  and  so  many  of 
them  are  extinct,  that  it  would  only  be  multiplying  subdivi- 
sions not  warranted  by  nature,  to  regard  them  as  the  creations 
of  an  independent  epoch.  Attempting  to  separate  the  "  drifts" 
or  "  glacial  epoch  "  from  the  human  period  on  the  one  hand, 
and  from  the  true  tertiaries  on  the  other,  Professor  Phillips 
arranges  the  Pleistocene  thus : — 

c.  Postglacial  Period. — Peat-deposits,  limestone -deposits,  river-de- 
posits, sea-beaches.  {The  red  deevy  long-fronted  ox^  Irish  elk,  urus priacvs, 
hippopotamus  J  elephant,  forests  of  modem  trees. ) 

b.  Glacial  Period. — Marine  deposits,  clay  with  irregular  stones  drifted 
from  a  distance,  partially  worn  or  rolled  pebbles  or  erratic  blocks,  gravel- 
beds,  shell-beds  interspersed.     {Marine  shells  of  arctic  type.) 

a,  Pbeglaci^vl  Period.  —  Local  drifts  of  gravel  and  sand,  lacustrine 
marls,  bone-deposits  in  caves.  {Forests  of  modem  tre^Sy  Irish  elk,  elephant^ 
hippopotanvuSt  hyoenayfelis  spekm,  cavern  hear^  <fi;c.^ 
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To  this  proposed  arrangement  it  must  be  objected  that  we 
have  not  yet  sufficient  evidence  to  prove  that  man  was  not 
the  contemporary  of  the  Irish  elk,  urus,  long-fronted  ox,  and 
elephant  in  Europe;  and  even  if  we  had,  it  is  far  from  decided 
that  he  was  not  their  contemporary  in  wide  regions  of  Asia, 
as  yet  insufficiently  examined  by  the  geologist.  Again,  there 
are  really  almost  insuperable  difficulties  connected  with  the 
separation  of  the  so-called  glacial  beds ;  for  this  reason,  that 
during  the  downward  and  the  upper  movements  of  the  land 
the  same  clays,  gravels,  and  breccias  were  more  than  once 
deposited,  retransported,  and  again  settled  in  the  positions 
we  now  find  them.  All  that  we  shall  therefore  attempt  is  to 
state  the  occurrence,  between  the  stratified  pliocene  and  the 
unmistakable  boulder-drift,  of  these  ossiferous  gravels,  breccias, 
and  cave-deposits,  noting  that  they  contain  the  remains  of  a 
greater  number  of  recent  mammals  than  are  found  in  any  of 
the  subjacent  tertiaries.  It  may  also  be  remarked,  that  as 
many  of  these  caves  and  fissures  are  of  vast  antiquity,  their 
lower  floors  contain  the  remains  of  pliocene  or  post-pliocene 
genera ;  the  middle  deposits  the  remains  of  true  pleistocene 
species ;  while  the  upper  layers  of  mud  and  stalagmite  embed 
the  bones,  charred  wood,  and  rude  stone  implements  of  the 
human  race.  Their  epoch,  therefore,  as  regards  their  organic 
remains,  is  partly  pleistocene,  and  partly  recent ;  and  though 
the  caves  themselves  were  originally  excavated  by  pliocene 
waters,  most  of  them  have  undergone  extensive  changes  alike 
during  the  pleistocene  and  current  eras.  Though  treated 
under  the  present  section,  the  student  must  learn  to  regard 
many  of  these  ossiferous  caves  and  breccias  as  exponents  both 
of  the  pleistocene  and  post-tertiary  epoch — ^as  ranging,  in  fact, 
from  preglacial  to  historic  times,  and  as  containing  relics 
respectively  of  the  preglacial,  of  the  stone,  bronze,  and  iron 
periods — ^and  not  to  confound  them,  as  some  are  in  the  habit 
of  doing,  with  phenomena  solely  of  tertiary  antiquity. 

331.  The  most  remarkable  ossiferous  caverns  in  England, 
according  to  the  authority  just  quoted,  are  Kirkdale  Cave 
near  Kirkby  Moorside  in  Yorkshire,  the  Dream  Cavern  near 
Worksworth  in  Derbyshire,  Banwell  Cave  in  the  Mendip  Hills, 
Kent's  Hole,  and  Brixham  near  Torquay,  Oreston  near  Ply- 
mouth, Cefn  near  Denbigh,  Paviland  near  Svransea,  and  Settle 
in  Yorkshire.  In  Germany,  the  slopes  of  the  Harz  Mountains 
give  us  the  caves  of  Baumann,  Biel,  and  Schwarzfeld;  between 
the  Harz  and  Franconia  is  the  Bear  Cavern  of  Glucksbnum ; 
the  JuTSL  formation  neat  Eaixeuth  is  celebrated  for  the  rich 
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associated  caverns  of  Gailenreuth,  Wunderliole,  Rabenstein, 
Kahlock,  Zahnloch,  Schneiderloch,  &c.  In  Westphalia,  tlie 
same  oolitic  formation  has  the  caves  of  Kluterhole  and  Sand- 
wich. The  caves  of  Adelsberg  in  Carniola,  and  the  Dragon's 
Caves  in  Hungary,  have  also  yielded  bones.  In  France,  in- 
structed by  Dr  Buckland's  researches,  two  caverns,  rich  in 
bones,  have  been  described  by  M.  Thirria,  near  Vesoul,  and 
several  others  near  Narbonne  by  Marcel  de  Serres,  Tournal, 
Christol,  &c.,  and  one  near  Miremont  by  M.  de  la  None. 
Ossiferous  caverns  we  now  also  know  in  Canada,  the  United 
States,  Australia,  and,  in  fact,  in  every  region  where  the  strata 
are  favourable  for  the  formation  of  such  repositories.  Osseoiia 
breccia  appears  singularly  connected  with  the  coasts  of  the 
Mediterranean.  It  occurs  at  Gibraltar,  in  Languedoc,  and  at 
several  other  points  in  the  south  of  France,  at  Antibes,  Nice, 
Pisa,  Cape  Palinurus,  north  of  Bastea  in  Corsica,  Cagliari  in 
Sardinia,  Meridolee  in  Sicily,  in  Dalmatia,  &c.  Ferruginous 
breccia,  in  which  bones  are  associated  with  pisolitic  iron-ore, 
occurs  in  Wiirtemberg,  and  in  Carniola  in  Jura  limestone. 
Such  are  the  chief  of  these  curious  repositories,  whose  char- 
acteristic mammalian  remains  may  be  briefly  tabulated  as 
follows : — 

Pachyderms. — Elephas  primigenius,  mastodon  angustidens,  &c.  Hippo- 
potamus major,  chaeropotamus,  rhinoceros  tichorhinus,  &c.  Tapir  gigan- 
teus^  sus  fossilis,  &c. 

SoHpeds. — Equiis  fossilis. 

Jtuminants.  —  Cervus  megaceros,  antelope,  nrus,  bos  primigenius  and 
longifrons,  merycotherium  Sibericum,  macrauchenia,  &c. 

CcMrnioores. — Felis  spelaea  {speloxij  a  cave),  hyeena  spelaea,  and  the  pecu- 
liar hardened  excrement,  album  grascumt  of  the  hyeena,  machairodus  cultri- 
dens  (the  cave-lion),  ursus  spelseus,  gulo  speleexis,  wolf,  fox,  polecat,  weasel, 
otter,  &c. 

Rodents, — Porcupine,  beaver,  arvicola,  rat,  lagomys,  hare,  rabbit,  &c, 

Edentaies. — Megalonyx,  megatherium,  manis  giganteus,  &c. 

In  the  preceding  list  several  of  the  species  are  decidedly 
distinct  from  those  now  existing ;  others,  again,  show  so  little 
variation,  either  in  form  or  size,  that  it  is  impossible  to  make 
any  distinction  beyond  that  which  will  alvrays  arise  from 
locality,  sexual  differences,  individual  constitution,  and  other 
minor  influencing  causes.  The  truth  is,  the  palaeontologist  is 
now  so  closely  on  the  confines  of  existing  nature,  that  he  finds 
it  better  to  note  the  dropped-out  links  than  attempt  specific 
distinctions  on  such  slender  variations  as  present  themselves 
in  many  of  these  pleistocene  cavem-remaina. 
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Boulder-Clay  or  Glacial  Drift — The  Ice  Period. 

332.  As  a  whole,  there  is  no  formation  more  perplexing,  or 
whose  origin  is  involved  in  greater  obscurity,  than  this  "glacial 
drift,"  "northern  drift,"  "erratic-block  group,"  or  "boulder- 
clay" — the  "diluvium"  of  the  eariier  geologists.  Composed 
in  some  districts  of  irregular  ridges  and  mounds  of  sharp 
gravelly  sand ;  in  others  of  expanses  of  pebbly  shingle ;  in 
some  of  alternations  of  shingle,  sand,  and  earthy  debris ;  and 
more  generally,  perhaps,  of  various  coloured  clays,  enclosing, 
without  regard  to  arrangement,  water-worn  blocks  or  boulders 
of  all  sizes,  from  a  poimd  to  many  tons  in  weight — it  is  evi- 
dent that  it  does  not  owe  its  orgin  to  the  ordinary  sedimentary 
operations  of  water.  It  is  also  for  the  most  part  unfossili- 
f erous ;  marine  shells,  chiefly  of  arctic  type,  being  found,  and 
that  very  sparingly,  only  in  certain  sands  and  clays  be- 
longing to  the  upper  or  more  recent  portions  of  the  same 
deposit.  Under  these  circumstances  it  will  be  sufficient  for 
the  purposes  of  the  student  to  describe  the  leading  phenomena 
connected  with  its  occurrence  in  the  British  Islands  and  north 
of  Europe ;  to  direct  his  attention  to  some  of  the  theories  tiiat 
have  been  advanced  to  acpount  for  its  formation ;  and  then  to 
refer  him  to  a  few  of  the  leading  monographs  on  the  subject 
for  such  details  as  are  necessarily  beyond  the  limits  of  an 
elementary  text-book. 

333.  It  has  been  already  stated  that  the  group  now  under 
review  consists  of  accumulations  of  clays,  sands,  gravels,  and 
boulder-stones — the  latter  sometimes  lying  detached  or  in 
masses,  but  more  frequently  enclosed  in  the  clays  without 
regard  to  gravity  or  any  other  law  of  arrangement.  We  say 
"  accumulations  of  clays,  sands,"  &c.,  because  these  seldom  or 
never  appear  in  regular  strata,  but  here  in  masses,  and  there 
spread  over  wide  tracts,  as  if  brought  together  by  some  un- 
usual and  extraordinary  operation  of  water.  These  unusual 
appearances  have  long  and  largely  engaged  the  attention  of 
observers ;  hence  the  variety  of  designations,  such  as  "  dilu- 
vium," "diluvial  drift,"  "northern  drift,"  "glacial  drift," 
"  erratic  -  block  group,"  and  "  boulder  -  formation."  When 
we  examine  the  group  as  it  occurs  in  Britain,  we  find  it  in 
some  tracts  (eastern  counties  of  England)  an  open  gravelly 
drift,  consisting  of  fragments  of  all  the  older  rocks,  from 
the  granite  to  the  chalk  inclusive.  In  other  districts,  as  the 
midcSe  counties  ot  Scotland,  large  areas  are  covered  with 
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a  thick,  dark,  tenacious  clay,  locally  known  by  the  name  of 
"tm,"  and  encloBing  rounded  and  water-worn  boulders,  as 
well  as  angular  fragmeuts  of  ail  the  older  and  harder  rocks — 
granite,  gneiss,  greenstone,  basalt,  limestone,  and  the  more 
compact  sandstones.     The  houlders  are  of  all  sizes — from 


a  few  pounds  to  masses  of  20,  40,  and  60  tons  weight 
e  most  frequently  rounded  and  water-worn,  and  are  dis- 
tributed throughout  the  mass  without  any  regard  to  sedimen- 
t&ry  disposition.  In  other  localities,  both  in  England  and 
Scotland,  we  find  large  areas  covered  by  loose  nibbl^  e.Vi\v.^*. 
and  sand;  the  shingle  and  sand  often  appeaimgrn 'Kio\u:i&^^^^^% 


386  TERTIARY  SYSTEM. 

ridges  {moraines),  or  in  flat-topped  irregular  mounds  (Jcaimes), 
as  if  the  original  gravelly  deposit  had  been  subsequently 
furrowed  and  worn  away  by  currents  of  water.  Occasionally 
districts  are  strewn  with  boulders  which  rest  on  the  bare  rock- 
formations,  without  any  accompanying  clays  or  sands ;  and  at 
times  only  a  single  gigantic  boulder,  or  a  few  "perched 
blocks,"  will  be  found  reposing  on  some  height  as  evidence  of 
the  drift-formation.  These  perched  blocks  are  often  of 
stupendous  size.  Dr  Kane  mentions  one  of  rounded  syenite, 
more  than  60  tons,  resting  100  feet  above  the  level  of  the  sea 
in  Greenland ;  and  we  have  measured  several  of  nearly  equal 
,  dimensions  resting  at  stUl  higher  elevations  on  the  meta- 
morphic  schists  of  the  Perthshire  Grampians.  Perhaps  one 
of  the  largest  known  detached  boulders  was  that  which  now 
forms  the  pedestal  to  the  statue  of  Peter  the  Great  at  St 
Petersburg,  and  which,  when  found  in  the  morass  where  it 
originally  lay,  was  estimated  to  weigh  1500  tons  ! — ^a  weight 
which,  however  enormous,  is  fully  equalled  by  several  others 
that  have  been  measured  in  the  drift  of  Northern  Europe  and 
North  America.  When  we  come  to  examine  the  clays  and 
sands  more  minutely,  we  find  them  partaking  less  or  more  of 
the  mineral  character  of  their  respective  districts.  Thus, 
the  boulder-clays  of  our  coal-fields,  though  thickly  studded 
with  boulders  of  distant  and  primitive  origin,  are  usually 
dark-coloured,  and  contain  fragments  pf  coal,  shale,  and  other 
carboniferous  rocks.  The  same  may  be  remarked  of  old  and 
new  red  sandstone  districts,  where  the  clays  and  shingly  beds 
are  usually  red ;  and  of  oolitic  and  chalk  tracts,  where  thej 
.assume  a  yellowish  or  greyish  aspect. 

[The  distribution  of  boulders  or  erratics  over  the  area  explored  (says 
.Professor  Hind,  in  his  account  of  the  Assiniboine  and  Saskatchewan  E3q)e- 
dition)  may  be  traced,  as  in  Canada,  to  at  least  two  epochs— the  Drift  and 
Boulder  period,  during  which  by  far  the  larger  number  were  torn  from  the 
parent  rock  and  carried  by  ice  to  their  present  resting-places;  and  the 
Recent  period,  including  the  rearrangement  of  ancient  drift,  and  the  dis- 
tribution of  fresh  supplies  by  the  action  of  lake  and  river  ice.    The  largest 
boulder  was  seen  in  the  valley  of  the  Qu*appelle.    The  circumference  of 
this  enormous  erratic  is  78  feet,  and  it  exposes  a  portion  above  ground  at 
least  14  feet  in  altitude.    The  next  largest,  one  of  limestone,  was  seen  on 
the  prairies  below  the  Moose  Woods.    It  is  about  16  feet  high,  and  at  least 
60  feet  in  circumference,  is  very  jagged,  and  consists  of  inmiense  slabs, 
whose  edges  project  two  and  three  feet.    Near  it  are  many  others  of  the 
same  kind,  but  of  smaller  dimensions.     Neax  Little  Cut  Arm  Creek,  an 
affluent  of  the  Qu'appelle,  large  unfossiliferous  boulders  are  very  numerous. 
North  of  the  Assiniboine,  near  the  Big  Ridge,  boulders  are  also  abundant, 
and,  when  magnified  by  idTac\>ioTi)\ooV^<&\A\^  on  the  level  prairies.] 
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'334.  In  addition  to  what  has  been  stated  respecting  the 
composition  of  the  drift,  it  may  be  remarked  that  the  sands 
seldom  exhibit  lines  of  stratification,  and  that  the  clays  are  rarely 
or  never  laminated.  Occasionally  sands  and  clays  alternate, 
or  a  dark-coloured  clay  may  be  overlaid  by  a  lighter-coloured 
one;  but  more  frequently  sands  and  clays  occur  en  masse, 
enclosing  curious  "  nests  "  or  patches  of  gravel,  and  crowded 
accumulations  of  boulder-stones.  On  examining  the  surfaces 
of  many  of  these  boulders,  we  find  scratches  and  groovings, 
as  if  they  had  been  rubbed  forcibly  over  each  other  in  one 
direction ;  and,  what  is  still  more  curious,  the  surfaces  of  the 
rocks  on  which  the  boulder-clay  reposes  are  all  less  or  more 
rounded  (roches  moutonnees)  and  marked  with  bold  linear 
scratches  and  furrows,  as  if  the  boulders  had  been  forcibly 
carried  forward,  and  had  scratched  and  grooved  them  during 
the  passage.  Again,  these  ruts  and  groovings  all  trend  in  one 
direction,  and  that  generally  in  lines  parallel  to  the  hill-ranges 
and  valleys  in  which  they  occur.  Moreover,  most  of  the  hills, 
as  in  Britain,  present  a  bare,  bold,  craggy  face  to  the  west  and 
north-west,  as  if  worn  and  denuded  by  water,  while  their 
slopes  to  the  east  and  south-east  are  usually  masked  with 
thick  accumulations  of  clay,  sand,  and  gravel.  This  appear- 
ance, generally  known  by  the  name  of  "  crag  and  tail,"  is 
ascribed  to  the  same  moving  forces  as  those  that  transported 
the  enormous  boulders  of  the  Drift,  and  furrowed  the  surfaces 
of  the  rock-formations  over  which  they  were  borne. 

335.  Taking  all  these  phenomena  into  account,  it  is  quite 
clear  that  pleistocene  accumulations  owe  their  origin  to  no 
ordinary  operations  of  water.  We  can  conceive  of  no  current 
sufficiently  powerful  to  transport  boulder-blocks  of  many  tons 
in  weight  over  hill  and  dale  for  hundreds  of  miles;  of  no 
sedimentary  conditions  that  would  permit  boulders  and  clays 
to  be  huddled  up  in  the  same  indiscriminate  mass ;  while  the 
smoothing  and  grooving  of  rock-surfaces  point  to  long-con- 
tinued action,  and  not  to  any  violent  cataclysm  in  nature, 
even  could  we  conceive  of  one  sufficiently  powerful  to  trans- 
port the  blocks  and  boulders.  There  is  only  one  set  of 
physical  conditions  with  which  we  are  acquainted  sufficient  to 
account  for  all  the  phenomena — namely,  arctic  lands  and 
alpine  heights  with  ice-mantles  and  glaciers  to  wear  and 
waste,  and  arctic  seas  with  icebergs  and  ice-floes  to  transport 
the  eroded  material;  and  it  is  now  to  such  conditions  that 
geologists  turn  for  a  solution  of  the  boulder-formation.  Mx«3t 
the  deposition  of  the  pliocene  tertiaries,  'w^ien  ^^  \axA  «X«kQ^ 
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considerably  higher  than  at  present,  it  would  seem  that  the 
latitudes  of  Britain  and  the  north  of  Europe  underwent  a  vast 
revolution  as  to  climate,  and  that  some  new  arrangement  of 
sea  and  land  took  place  at  the  same  period.     At  all  events, 
the  large  mammalia  of  the  earlier  tertiaries  disappeared,  and 
the  laud  was  gradually  submerged  to  the  extent  of  several 
thousand  feet,  for  we  now  find  water-worn  boulders  on  the 
tops  of  our  highest  hills,  or,  at  all  events,  at  an  altitude  of 
I  Boo  and  2000  feet     During  this  submergence  a  cold  period 
prevailed,  the  land  surface  was  covered  with  a  thick  and 
heavy  ice-mantle,  which,  in  its  seaward  descent,  denuded, 
smoothed,  grooved,  and  striated  ("  dressed,"  as  it  is  sometimes 
termed)  the  rocks  over  which  it  passed — Cleaving  the  triturated 
debris  as  the  "till"    or  lower  boulder-clay,  while  icebergs, 
laden  with  boulders  and  gravel  from  other  regions,  passed 
over  these  latitudes,  and  dropped  their  boulders  on  our  then 
submerged  lands.     How  long  this  process  continued  it  is  im- 
possible to  determine ;  but  by-and-by  a  gradual  elevation  of 
the  submerged  lauds  took  place;   our  hill-tops  and  ranges 
appeared  as  islands,  and  our  valleys  as  firths  and   straits. 
These  islands  were  now  covered  periodically  with  glaciers; 
during  a  brief  summer  avalanches  descended,  glaciers  smoothed 
the  hillsides  and  left  the  debris  as  moraines  of   sand  and 
gravel;   while  the  icebergs  and  ice-floes  ground  their  way 
through  the  firths,  further  rounding  the  surfaces  of  opposing 
rocks,  and  dropping,  as  they  melted  away,  their  burdens  of 
silt  and  boulders  on  the  deeper  sea-bottom.     As  the  elevation 
continued,  new  surfaces  were  exposed,  the  western  fronts  of 
our  hills  were  wasted  by  waves  and  swept '  bare  by  currents, 
and  the  soft  material  of  the  sea-bottom,  as  it  rose  above  the 
waters,  was  washed  away  and  carried  to  areas  of  sea-bottom, 
not  yet  elevated  above  the  waters,  there  forming  the  upper  or 
"  pebbly  boulder-clay,"  a  reassortment  or  remanie  of  the  earUer 
"till."     We  say  the  "western,"  or  rather  "north-western," 
front  of  our  hills ;  for,  taking  the  phenomena  of  crag  and  tail 
into  account,  the  direction  of  the  groovings  on  rock-surfaces, 
and  other  kindred  appearances,  it  is  evident  that  in  Britain  the 
transporting  currents  passed  from  north  and  west  to  south  and 
east.   It  is  thus  that  we  find  granitic  and  gneiss  boulders  from 
the  Scottish  Highlands  now  spread  over  the  plains  of  Fife 
and  Mid-Lothian,  and  blocks  from  the  hills  of  Cumberland  scat- 
tered over  the  moors  of  Yorkshire.     In  the  north  of  Europe 
the  drift  has  taken  a  more  southerly  course,  and  thus  boul- 
ders from  Lapland  and  Y\.Ta\ai.Tid  «x^  ^^tead  over  the  plains 
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of  Russia  and  Poland,  and  granites  from  Norway  now  repose 
on  the  flats  of  Denmark  and  Holstein.  Occasionally,  as  in 
Switzerland,  the  drift  appears  to  radiate  from  a  centre  j  and 
this  we  can  readily  conceive,  as  the  Alps  rose  isolated  in  a 
glacial  sea,  and  annually  dispersed  their  glaciers  and  icebergs 
in  every  direction. 

["We  are  still  very  ignorant  of  many  details  of  ice-action,"  says  Dr 
Hooker  in  his  Himalayan  Journals,  "and  especially  of  the  origin  of  many 
enonnous  deposits  which  are  not  true  moraines.  Those  so  conspicuous  in 
the  lofty  Himalayan  valleys,  are  not  less  so  than  those  of  the  Alps :  witness 
that  broad  valley  in  which  Grindelwald  village  is  situated,  and  which  is 
covered  to  an  immense  depth  with  an  angular  detritus,  moulded  into  hills 
and  valleys  ;  also  the  whole  broad  upper  Rhine  valley,  above  the  village  of 
Munster,  and  below  that  of  Obergestelen.  The  action  of  broad  glaciers  on 
gentle  slopes  is  to  raise  their  own  beds  by  the  accumulation  of  gravel  which 
their  lower  surface  carries  and  pushes  forward.  I  have  seen  small  glaciers 
thus  raised  300  feet ;  leaving  little  doubt  on  my  mind  that  the  upper  Hima- 
layan valleys  were  thus  choked  with  deposit  1000  feet  thick,  of  which,  indeed, 
the  proofs  remain  along  the  flanks  of  the  Yangma  valley.  The  denuding 
and  accumulating  efiects  of  ice  thus  give  a  contour  to  mountain  valleys, 
and  sculpture  their  flanks  and  floors  far  more  rapidly  than  sea-action  or  the 
elements.  After  a  very  extensive  experience  of  ice  in  the  Antarctic  Ocean 
and  in  mountainous  countries,  I  cannot  but  conclude  that  very  few  of  our 
geologists  appreciate  the  power  of  ice  as  a  mechanical  agent,  which  can 
hardly  be  overestimated,  whether  as  glacier,  iceberg,  or  pack-ice  heaping 
shingle  along  coasts."] 

336.  In  process  of  time  the  land  was  elevated  to  its  present 
level,  another  distribution  of  sea  and  land  took  place,  and  the 
glacial  epoch  passed  away.  A  new  flora  and  fauna  suitable 
to  those  new  conditions  were  then  established  in  Europe ;  "knd 
these,  with  the  exception  of  a  few  that  have  since  become 
extinct,  are  the  species  which  now  adorn  our  forests  and 
people  our  fields.  Though  we  have  occasionally  used,  in  the 
preceding  paragraphs,  the  term  "period  of  extinction,"  it 
must  not  be  supposed  that  the  pleistocene  epoch  was  not 
characterised  by  its  own  peculiar  flora  and  fauna.  By  "  ex- 
tinction" we  merely  assert  that  over  large  areas  of  the 
northern  hemisphere  the  exuberance  of  mammalian  life,  so 
typical  of  miocene  and  pliocene  eras,  ceased  to  exist,  and  that, 
for  a  long  period,  arctic  and  glacial  conditions  prevailed  over 
these  areas,  and  were  consequently  accompanied  by  a  scanty 
and  boreal  fauna.  We  see  in  the  arctic  character  of  its  marine 
shells  evidence  of  an  independent  fauna ;  and  though  its  clays 
and  gravels  have  hitherto  yielded  few  remains,  except  a  few 
boreal  birds,  seals,  and  whales,  we  are  by  no  m^^xv^^^YK>.w\ft^^ 
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from  what  we  know  of  the  Arctic  and  Antarctic  Beas  of  the 
present  day,  to  conclude  that  the  boulder  epoch,  even  over 
northern  latitudes,  waa  one  of  total  vital  vacuity.     Again,  we 


cannot  presume  that  over  tropical  and  sub-tropical  latitudes, 
where  the  glacial  influences  did  not  prevail,  there  was  not 
both  an  exuberant  and  varied  flora  and  fauna  j  nor,  from  what 


we  know  of  existing  nature,  are  we  precluded  from  supposing 
that  many  tribes  migrated  periodically  from  south  to  north, 
as  they  do  now,  and  left  their  remains  to  be  entombed  in  ths 
drift  and  deposits  of  the  glacial  seas.  These  and  other 
analogous  poiuts  strongly  press  themselves  upon  the  attention 
of  the  philosophical  inquirer;  and  not  till  glacial  deposits 
have  been  more  minutely  examined  in  the  wider  expanses  of 
Northern  Asia  and  America,  will  geology  be  in  a  position  to 
ofler  any  positive  opinion  on  the  biology  of  the  period. 

337.  In  the  meantime,  the  following  may  be  taken  as  an 
approximation  to  a  chronological  arrangement  of  the  pheno- 
mena of  the  glacial  epocb,  s£  diai^layed  in  the  British  Islands :— 
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Glacial 

or 

Ice  Epoch. 


(Scrobicularia  clays  and  raised-beach  gravels  in  existing 
estuaries,  and  at  river-mouths. 
Submerged  forest-growths  containing  gigantic  oaks,  firs, 
hazels,  hazel-nuts,  birches,  alders,  &c.,  with  remains  of 
mammoth,  elk,  gigantic  red-deer,  and  numerous  elytrse 
of  beetles. 

''Newer  brick-clays,  often  finely  laminated,  and  containing 
boreal  shells,  star-fishes,  barnacles,  boreal  sea-birds,  seals, 
and  whales ;  together  with  drift-flints  and  fragments  of 
chalk  in  certain  areas. 

Kames,  dears,  or  eskars  towards  the  embouchure  of  valleys 
— ^these  consisting  of  winding  flat-topped  mounds  of 
sand,  gravel,  and  angular  rock-debris.    Unfossiliferous, 

Moraines  or  gravel-spits  in  mountain   glens,  sometimes 
crossing  or  barring  the  glens  at  several  levels,  and  some- 
times running  along  their  sides  with  wonderful  parallel- 
(      ism.     Unfossiliferous. 

Older  brick-clays,  generally  less  laminated  and  more 
compact.     Remains  doubtful. 

Upper  or  pebbly  till,  an  obvious  reformation  of  the  lower 
boulder-clay,  with  few  boulders.     Unfossiliferous. 

Lower  or  bouldery  till — ^the  true  "  boulder-clay  "—a  coarse, 
tenacious  clay,  generally  partaking  of  the  colour  of  the 
formation  on  which  it  lies,  and  full  of  rounded,  smoothed, 
and  striated  boulders.    Unfossiliferous. 

Glaciated  rock-surfaces  (the  striae  generally  assuming  one 
main  direction),  usually  overlaid  by  the  boulder-clay. 
Unfossiliferous. 

(Sands  and  gravels  in  old  river-courses,  often  several  hun- 
dred feet  deep,  and  which  ran  when  the  land  stood  at  a 
higher  level  than  at  present  Known  to  miners  and 
others  as  "wash-outs."  Not  unfrequently  contain 
bones  and  tusks  of  mammoth. 


338.  Hitherto  we  have  spoken  only  of  the  "Drift"  as  ex- 
hibited in  Europe  up  to  the  42d  or  46th  parallel  of  latitude ; 
but  similar  phenomena  are  manifested  in  Canada  and  the 
Northern  States  of  America  up  to  the  39th  or  40th  parallel. 
Again,  when  we  turn  to  the  Antarctic  Ocean,  analogous  ap- 
pearances present  themselves  in  Tierra  del  Fuego,  in  Patagonia, 
and  New  Zealand,  thus  showing  that,  as  at  &e  present  day, 
icebergs  and  ice-floes  are  yearly  discharged  from  the  Arctic 
and  Antarctic  seas,  float  towards  warmer  latitudes,  and  drop 
their  burdens  of  sand,  mud,  and  boulders  on  the  sea-bottom ; 
so  during  the  pleistocene  epoch  the  same  agencies  were  at 
work  discharging  the  same  functions,  and  producing  analogous 
results.  And  here  we  may  be  permitted  to  remark,  that 
many  of  the  difficulties  connected  with  the  ori^xv  qI  ^Xi'^  ^^vsss&S. 
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drift  have  arisen  from  treating  it  as  an  anomalous  and  mys- 
terious formation.  Had  geologists,  instead  of  looking  to 
abnormal  currents  and  cataclysms,  just  treated  the  "  boulder- 
clay  "  as  they  did  other  formations — ^had  they  studied  more 
the  glacial  phenomena  of  arctic  shores,  straits,  and  seas,  as 
well  as  of  mountainous  regions  situated  above  the  snow-line, 
and  drawn  less  on  their  own  invention — had  they  looked  to 
nature  as  acting  through  law,  and  never  through  capricious 
disorder — the  drift-formation,  with  all  its  complicated  pheno- 
mena, had  long  ere  now  been  an  "established  fact"  of  the 
science,  instead  of  a  medley  of  perverted  observations,  respect- 
ing which  scarcely  two  geologists  entertain  the  same  opinion. 

[The  following  synopsis  of  the  Quaternary  accumulations  of  Canada,  by 
Dr  Dawson,  exhibits  an  instructive  parallelism  with  those  of  Britain  and 
northern  Europe  generally  : — 

rSand  and  gravel  beaches,  with  logs,  leaves,  and 
(Terracex,  Beaches,  J     fresh-water  shells.     Loess  with  fresh-water  and 
^^**-  ^     land  shells. 

Iceberg- Drift,     (  Boulders,   gravel,    sand,   and   clay,   drifted   logs, 
Loess,  \     elephant  and  mastodon,  teeth  and  bones. 

C  Soil -peat,    with    mosses,    leaves,    logs,    stumps, 
Forest-Bed.      "^     branches,  and  standing  trees,  mostly  red  cedar. 
I     Elephant,  mastodon,  castoroides,  &c. 

(  Laminated  clays  with  sheets  of  gravel,  occasional 
Erie  Clays.      "S     rounded  and  scratched  northern  boulders,  many 
\     angular  pieces  of  underlying  rocks. 


3  I     ni     '  J  T\  -f*      i  Local  beds  of  boulders,  and  rarely  boulder-day 
.^y    UlacmlDriJt.     \     resting  on  the  glaciated  surface.] 


NOTE,    RECAPITULATORY   AND  EXPLANATORY. 

339.  The  Tertiary  system,  as  described  in  the  preceding 
chapter,  embraces  all  the  regular  strata  and  sedimentary 
accumulations  which  lie  between  the  Chalk  and  the  close  of 
the  Boulder  or  Drift  Formation.  Its  organic  remains  are  all 
of  recent  or  Cainozoic  types,  and  it  may  be  conveniently 
arranged  into  four  groups,  according  to  the  numerical  amount 
of  existing  species  found  embedded  in  its  strata,  thus — 

Pleistocene — remains,  mostly  of  existing  species. 
Pliocene— remains,  a  majority  of  existing  species. 
Miocene— remains,  a  minority  of  existing  species. 
Eocene — remains,  few,  or  the  dawn,  of  existing  species. 

In  their  mineral  composition  and  succession  these  groups 
present  great  variety — consisting  of  clays,  sands,  marls,  cal- 
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careons  grits,  limestones,  gypsom,  and  beds  of  lignite,  with 
evidences  of  frequent  alternations  from  marine  to  fresh-water 
conditions.  On  the  whole,  da78  and  liraestones  preml,  and 
many  of  the  latter  are  of  very  peculiar  character,  as  the  fresh- 
water burrstones  of  Paris,  the  gypsum  or  sulphate-of-lime 
beds  of  Montmartre,  the  infusorial  tripoli  of  Bohemia  and 
Virginia,  the  indusial  limestone  of  Auvergne,  the  nummulitic 
limestone  of  Europe  and  Asia,  and  the  orbitoidal  of  America. 
Separating  the  older  or  true  tertiaries  from  the  pleistocene  or 
boulder  group,  it  may  be  said  that  the  former  are  found,  less 
or  more,  in  almost  every  country,  though  often  confined  to 
limited  areas,  as  if  originally  deposited  in  inland  seas  or 
estuaries.  These  well-defined  deposits  are  usually  termed 
"basins;"  hence  the  frequent  allusions  to  the  London  and 
Paris  basins,  in  which  there  are  repeated  alternations  of 
marine  and  fresh-water  beds,  as  if  at  cert-iin  stages  fresh- 
water inundations  had  prevailed  in  the  areas  of  deposit. 
The  tertiaries  of  England,  France,  Switzerland,  and  Italy, 
are  those  that  have  been  most  fully  investigated,  and,  though 
differing  in  the  composition  and  succession  of  their  strata, 
are  generally  regarded  as  finding  their  equivalents  in  those  of 
Britain,  which  may  be  briefly  grouped  as  under  i — 

/  FoBsiliferona  claya  and  sands  of  Oyde,  Forth,  Tay,  Hnm. 
PLHSTOCEiB.  J  „^^'  HoMe™eas,ic 

I  Boulder  or  drift  formation. 

\  Preglacial  ossiferous  grnrels,  caverns,  ko. 
PUOCENB.  Mammaliferous,  red,  and  coralline  crag  of  Snffolk. 

UlOCBNB.  Leaf-beds  of  Mull,  Antrim  lignite,  Bovey  lignlta,  ftc 

IFluvio-marine  beds  of  Isle  of  Wight. 
Bagshot  sanda. 
London  clay. 
Bognor  heds. 
Plastic  clay. 

Or  placing  the  British  tertiaries  in  juxtaposition  with  their 
supposed  foreign  equivalents,  we  have,  according  to  Sir 
ChfU'les  Lyell,  the  following  instructive  tabulation : — 

Britieh.  Foreign. 

iGlaci^   drift   or  ^°f^<-J\  Te^in  qnalemaiw,  dflnvimn. 

lormatioit    of    Norfolk,  I  _,        ■      <.    ^- 

t  .1.     <^i„j       c  !.■  _.v  I  Terrain  MrtiarB  supeneur. 

,1 11,.  Cl,d.,  oj  !,.nl,  P^ 

Wales. — Norwicii   Crai;.  1  — _            ,„  _.,       ,,  ,.   , 

-0.v»d.po.ll.<.rKlA-J  J""!"!  •'/•'"■•""•■W 

d.l.,  S^,  Witt  toe.  .r  S""'!  .ii4Alpii,..mt,o.. 

■Ui;«J,dlI™B.,..d.  -I.™to™    ot   0»,..t,i 

.                              /  Anairalian  caTe-bceccm*. 
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Older 

PUOCKJfE, 


Upper 
Eocene 

{Lovxr 
Miocene 
of  many 
Authors). 


Middle 
Eocene. 


Lower 
Eocene. 


Miocene.     ( 


Marine  strata  of  this 'age 
wanting  in  the  British  > 
Isles.  —Leaf-bed  of  MulL 
Lignite  of  Antrim  (?). 


( 


Hempstead  beds  near  Yar- 
mouth.  Isle  of  Wight. 


British,  Foreign. 

iSub-Apennine  strata. — Hills 
of  Rome,  Monte  Mario,  &c. 
-Antwerp  and  NormLndy 
Crag.-Aralo-Caucasian  de- 
posits. 
/  /Falurien   superieur. — Faluns 

of  Touraine. — Part  of  Bor- 
deaux beds.  —  Bolderberg 
strata  in  Belgiunu  Part  of 
Vienna  Basin. — Part  of  Mol- 
lasse  in  Switzerland. — Sands 
of  James  River  and  Rich- 
mond, Virginia,  United 
States. 

/Lower  part  of  Terrain  ter- 
tiare  moyen. — Calcaire  lac- 
ustre  superieur,  and  gr^s  de 
Fontainebleau. — Part  of  the 
Lacustrine  strata  of  An- 
vergne. — Limburg  beds,  Bel- 
gium.— (Rupelian  and  Ton- 
grian  system  of  Dumont) 
Mayence  Basin.  Part  of 
brown  coal  of  Grermany.— 
Hermsdorf  tile -clay,  near 
Berlin. 

^z.  Gypseous  series  of  Mont- 
martre,  and  Calcaire  lacus- 
tre  superieur. 

2  and  3.  Calcaire  silideux. 

2  and  3.  6r^  de  Beauchamp, 
or  sable  moyens. — Laecken 
beds,  Belgium. 

4  and  5.  Upper  and  middle 
Calcaire  grossier. 

5.  Bruzillien  or  Brussels  beds 

of  Dumont. 
5.  Lower  Calcaire  grossier,  or 

glauconle  grossiere. 

5.  Caibome  beds,  Alabama. 

5  and  6.  Nummulitic  forma- 
tion of  Europe,  Asia,  &c 

6.  Soissonnais  sands,  or  lits 
coqullliers. 

I.  London  clay  and  Bog-  / 1.  Wanting  in   Paris  Basin, 

occurs  at  Cassel  in  French 
Flanders. 


1.  Bembridge  or  Binsted 
beds.  Isle  of  Wight. 

2.  Osborne  or  St  Helen's 
series. 

/  3.  Headon  Hill  sands  and/ 

Barton  clay. 
4.  Bagshot  and  Brackles 

ham  beds. 
6.  Wanting  (?). 


nor  beds. 

2.  Plastic  and  mottled 
clays  and  sands;  Wool- 
wich beds. 

^3.  Tbauet  BMids. 


Argile  plastique  et  lignite. 
Lower  Landenian  of  Bel- 
gium, in  part 
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'^40.  As  already  stated,  the  or^nic  remains  of  the  system 
bebng  in  greater  part  to  Existing  genera,  and  thus  among  the 
plants  we  find  the  leaves,  fruits,  and  seed-vessels  of  palms, 
cycads,  pines,  and,  for  the  first  time,  of  true  exogenous 
timber-trees ;  while  among  the  animals  we  discover  genera  of 
every  existing  order,  with  the  exception  of  man.  The  most 
characteristic  feature  of  the  fauna  is  perhaps  the  abundance 
of  gigantic  quadrupeds— in  European  tertiaries,  of  elephants, 
mammoths,  mastodons,  deinotheriums,  palseotheriums,  rhino- 
ceroses,  &c. ;  in  South  America,  of  megatheriums,  megalonyxes, 
glyptodons,  &c.;  and  in  Australia,  of  animals  allied  to  the 
marsupials  of  that  continent,  but  of  more  gigantic  proportions. 
The  names  given  to  these  animals  have  reference,  in  general, 
to  some  striking  peculiarity  of  structure,  size,  or  appearance ; 
as  moModony  from  the  pap-like  crowns  of  its  molar  teeth 
(mastosy  a  nipple,  and  odouSy  a  tooth);  glyptodon  {glyptoSy 
carved  or  sculptured),  from  the  curious  markings  of  its  teeth ; 
megalonyx  {megal^,  great,  and  onyx,  a  claw),  from  its  large 
claws;  deinotherium  (deinos,  terrible),  terrible  wild-beast; 
megatheriuTriy  huge  wild-beast;  and  the  like.  In  respect  of 
its  fossUs,  the  tertiary  era  presents  a  remarkable  difference 
compared  with  those  of  the  chalk,  oolite,  or  coal.  During 
these  epochs  the  plants  and  animals  in  every  region  of  the 
globe  presented  a  greater  degree  of  sameness  or  identity; 
whereas  during  the  tertiary  epoch,  geographical  distinctions 
and  separations  ("biological  provinces")  like  those  now  ex- 
isting began  to  prevail;  hence  the  difference  between  the 
tertiary  mammals  of  Europe — the  elephants,  hippopotamus, 
rhinoceros,  and  deer,  and  those  of  South  America,  which 
represent  its  present  sloths,  ant-eaters,  and  armadilloes ;  and 
between  either  of  these  and  that  of  Australia,  which  is  closely 
related  to  existing  kangaroos,  opossums,  wombats,  and  other 
kindred  marsupiaJs. 

341.  Whatever  the  conditions  of  other  regions  during  the 
deposition  of  the  tertiary  strata,  we  have  evidence  from  the 
palms,  cycads,  huge  pachyderms,  and  monkeys,  that  in  the 
latitudes  now  occupied  by  England  and  France  a  sub-tropical 
climate  prevailed  during  the  eocene  period ;  from  the  olive, 
myrtle,  ^g,  and  sycamore,  that  a  warm-temperate  prevailed 
during  the  miocene;  from  the  oak,  fir,  birch,  and  willow, 
that  a  gradually  cooling  climate  was  experienced  during  the 
pliocene;  and  that  at  the  close  of  the  pliocene  strata,  these 
conditions  were  followed  by  those  of  an  arctic  or  boreal 
character,  which  gave  rise  to  the  boulder  or  drift  l^rcKv^Ssysv, 
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As  a  separate  group,  the  middle  pleistocene,  in  its  unfossil- 
iferous  clays,  its  huge  water-worn  boulders,  its  smoothed  and 
scratched  rock-surfaces,  and  other  kindred  phenomena,  gives 
evidence  of  a  long  period  when  these  latitudes  were  subjected 
to  arctic  conditions,  when  the  ice-mantle  covered  their  lands, 
glaciers  filled  their  mountain  glens,  and  icebergs  floated  over 
their  waters,  or  ground  their  way  through  their  firths  and 
straits,  dropping,  as  they  melted  away,  their  burdens  of  clay, 
sand,  and  boulders  on  the  deeper  sea-bottom. 

342.  What  brought  about  the  glacial  period  is  as  yet  matter 
of  speculation  among  geologists.     Some  appeal  to  a  change  of 
inclination  in  the  earth's  axis  of  rotation ;  others  to  the  solar 
system  passing  periodically  through  warmer  and  colder  regions 
of  space ;  some  to  altered  distributions  of  sea  and  land  which 
deflected  and  intensified  the  polar  currents,  thereby  causing 
a  diminution  of  temperature;  others  to  a  greatly-increased 
elevation  of  the  middle  latitudes  of  the  northern  hemisphere; 
some  to  increased  altitude  of  the  land  combined  with  a  dif- 
ferent disposition  of  oceanic  currents ;  while  others  appeal  to 
astronomical  relations  which  after  long  periods  bring  the  earth 
in  her  orbit  alternately  nearer  to  and  farther  from  the  sun's 
influence — thus  giving  us  not  one  ice-age  but  many  ice-ages, 
and  this  periodically  within  the  lapse  of  geological  time.     In 
fact,  the  speculations  divide  themselves  into  two  main  cate- 
gories :  one  which  seeks  for  causes  chiefly  within  the  earth's 
own  terraqueous  arrangements,  and  therefore  strictly  terrestrial; 
and  another  which  seeks  the  solution  in  the  earth's  motioDS 
and  planetary  relations,  and  therefore  strictly  astronomical. 
According  to  the  terrestrial  hypotheses,  ice-periods  may  occur 
irregularly  and  over  partial  areas  in  either  hemisphere;  ac- 
cording to  the  astronomical,  they  must  occur  at  fixed  intervals, 
and  contemporaneously  over  the  latitudes  to  which  their  in- 
fluence may  extend.     According  to  the  one  set  of  hypotheses 
we  can  never  hope  to  arrive  at  the  times  of  their  occurrence 
or  the  areas  which  they  may  affect ;  according  to  the  other, 
we  can  calculate  the  intervals  between  their  return  and  feel 
assured  of  the  contemporaneity  of  their  influence.      At  the 
present  time  opinion  favours  the  astronomical  theory,  and  seeks 
among  the  stratified  systems  evidence  of  other  glacial  epochs, 
hoping  by  their  occurrence  and  succession  to  approximate 
more  nearly  the  lapse  of  geological  time.     Allusion  will  be 
made  in  the  General  Review  to  the  occurrence  of  these  older 
ice-epochs  :  to  do  more  would  lead  to  speculations  which  lie 
beyond  the  scope  oi  an  elementary  text-book. 
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343.  As  a  system,  the  Tertiaby  still  requires  much  elucida- 
tion; and  this  the  student  will  readily  perceive  when  he  comes 
to  investigate  the  widespread  and  heterogeneous  deposits  at- 
tempted to  be  classed  under  that  category.  In  his  researches 
he  will  derive  assistance  from  many  published  papers  and 
monographs,  and  in  particular  from  the  works  of  Sir  C.  Lyell 
(*  Elements  and  Principles'),  who  has  devoted  much  attention 
to  the  subdivisions  and  co-ordinations  of  the  strata;  the  papers 
of  Prestwich,  Trimmer,  Morris,  E.  Forbes,  S.  Wood,  and  others, 
on  the  English  Tertiaries  in  the  *  Transactions  and  Journal  of 
the  Geological  Society;*  the  memoirs  and  papers  on  the  French 
and  Continental  Tertiaries  by  D'Archiac,  A.  Brongniart,  Pre- 
vost,  Deshayes,  &c.,  in  the  *  Bulletin  Soc.  Geol.  de  France ;  * 
and  the  papers  and  reports  on  the  American  strata  by  [D. 
Owen,  Hitchcock,  Rogers,  Dawson,  &c.,  in  the  *  Transactions 
of  the  Amer.  Assoc,  of  Naturalists.*  More  especially  as 
regards  the  fossil  remains  of  the  epoch,  the  student  can 
have  ready  access  to  such  invaluable  authorities  as  Cuvier's 

*  Ossemens  Fossiles,'  the  classic  *  Reliquiae  Diluvianse'  of  Dr 
Buckland,  the  *  British  Fossil  Mammals'  of  Professor  Owen, 
Von  Buch  on  the  *  Brown  Coal '  of  Germany,  A.  Brongniart 
on  *  Tertiary  Lignites,*  in  the  *  Dictionnaire  des  Sciences 
Naturelles,*  the  Notes  of  Professor  Braun  on  the  CEningen 
lignites,  as  quoted  by  Dr  Buckland  in  his  *  Bridgewater 
Treatise,*  the  Monographs  of  Edwards,  Wood,  &c.,  in  the 

*  Memoirs  of  the  Palseontographical  Society,*  and  the  more 
popular  papers  and  independent  works  of  the  late  Dr  Mantell. 
Much  valuable  information  relative  to  the  **  drift  **  and  later 
deposits  may  be  gleaned  from  such  works  as  Phillips's  'Geology 
of   Yorkshire,*   Woodward*s   *  Geology  of  Norfolk,*   Lyell's 

*  Travels  in  North  America,*  Agassiz'  *  Etudes  sur  les  Glaciers,* 
Professor  J.  Forbes*s  *  Travels  in  the  Alps,*  Dawkins's  *  Cave 
Hunting,'  the  *  Memoirs  of  the  Geological  Survey,*  the  *  Reports 
of  the  British  Association,*  J.  Geikie*s  *  Great  Ice  Age,*  and 
Dr  CrolFs  *  Time  and  Climate.*  Indeed,  few  subjects  have 
afforded  a  more  tempting  theme  for  a  certain  class  of  super- 
ficial geologists  than  the  "  Northern  Drift ;  **  but  of  the  much 
that  has  been  written  and  the  little  that  has  been  observed  by 
these  theorists,  the  student  had  better  remain  in  ignorance. 
Such  works  as  Daubeny's  *  Volcanoes,*  Scrope*s  *  Central 
France,*  Hibbert*s  *  Volcanoes  of  the  Rhine,*  Von  Decken*s 

*  Siebengebirges,*  and  Beudant*s  *  Hungary,*  will  afford  the 
necessary  information  respecting  the  composition  and  charac- 
ter of  the  igneous  rocks  of  the  period. 
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POST-TERTIARY   OR   RECENT   SYSTEM: 

EMBRACING  ALL  SUPERFICIAL  ACCUMULATIONS  AND  CHANGES 
THAT  HAVE  TAKEN  PLACE  SINCE  THE  CLOSE  OF  THE  "DRIFT," 
OR  DURING  WHAT  IS  USUALLY  TERMED  THE  "CURRENT 
EPOCH." 

344.  Having  treated  the  Boulder-drift  as  tlie  latest  member 
of  the  Tertiary  system,  we  now  proceed  to  describe,  under  the 
tenn  Post-Tertiary,  Quaternary,  or  Recent,  all  accumulations 
and  deposits  formed  since  the  close  of  that  period.  However 
difficult  it  may  be  to  account  for  the  conditions  that  gave  rise 
to  the  "  Drift,"  there  can  be  no  doubt  regarding  the  agencies 
which  have  been  at  work  ever  since  in  silting  up  lakes  and 
estuaries,  forming  peat-mosses  and  coral-reefs,  and  laying  down 
beaches  of  sand  and  gravel.  At  the  close  of  the  Pleistocene 
period,  the  present  distribution  of  sea  and  land  seems  to  have 
been  established ;  the  land  presenting  the  same  surface  con- 
figuration, and  the  sea  the  same  coast-line,  with  the  exception 
of  such  modifications  as  have  since  been  produced  by  the 
atmospheric,  aqueous,  and  other  causes  described  in  Chapter 
III.  At  the  close  of  that  period  the  earth  also  appears  to 
have  been  peopled  by  its  present  flora  and  fauna,  with  the 
exception  of  some  local  removals  of  certain  animals,  and  the 
general  extinction  of  a  few  species,  whose  remains  are  found 
embedded  in  a  partially-petrified  or  suh-foml  state  in  post- 
tertiary  accumulations.  We  are  thus  introduced  to  the  exist- 
ing order  of  things ;  and  though  our  observations  may  extend 
over  a  period  of  many  thousand  years,  yet  every  phenomenon 
18  fresh  and  recent  commoted,  mtktkose  of  the  epochs  already 
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described.  Witli  the  exception  of  volcanic  lavas,  deposits 
from  calcareous  and  silicious  springs,  some  consolidated  sands 
and  old  coral-reefs,  we  have  now  no  solid  strata — ^the  generality 
of  post-tertiary  accumulations  being  clays,  silts,  sands,  gravels, 
and  peat-mosses.  As  they  are  scattered  indiscriminately  over 
the  surface,  it  is  impossible  to  treat  them  in  anything  like 
order  of  superposition ;  hence  the  most  intelligible  mode  of 
presenting  them  to  the  beginner  is  to  arrange  them  according 
to  their  composition,  and  the  causes  obviously  concerned  in 
their  production.  Adopting  this  plan,  the  principal  agencies 
and  their  results  may  be  classed  as  follows  : — 


FLUVIATHiE. 


ESTUARINE 

or  Fluvio- 

MARINE. 


Lacustrine. 


Marine. 


Chemical. 


Organic. 


Igneous. 


Accumulations  of  sand,  gravel,  and  alluvial  silt  in  river- 
valleys. 
Terraces  of  gravel,  &c.,  in  valleys,  marking  fonner  water- 
levels.     High-level  and  low-level  gravels. 
!  Deposits  of  sand,  silt,  shell-beds,  and  vegetable  drift  in 
estuaries,  forming  deltas. 
Ancient  deltic  deposits,  forming  alluvial  plains,  carses, 
&c.,  partly  of  fresh- water  and  partly  of  marine  origin. 
Lacustrine  accumulations  now  in  progress. 
Lacustrine  or  lake  silts  filling  up  ancient  lakes. 
Shell  and  clay  marl  formed  in  ancient  lake-basins. 

!  Littoral  silts,  sand-drift,  shingle-beaches,  &c. 
Raised  or  ancient  beaches  ;  submerged  forests. 
Pelagic  or  deep-sea  deposits  and  accumulations,  as  fora- 
miniferal  ooze,  red-clay,  burden  of  icebergs,  &c. 
{Calcareous  deposits,  as  calc-tuff,  travertine,  &c. 
Silicious  deposits,  as  silicious  sinter,  &c. 
Saline  and  sulphurous  deposits  from  hot  springs,  volca- 
noes, &c. 
Bituminous  exudations,  as  pitch-lakes  and  the  like. 
i  Vegetable — ^peat-mosses,  jungle-growth,  vegetable  drift. 

<  Animal — shell-beds,  coral-reefs,  osseous  breccia,  &c. 
f  Soils — admixtures  of  vegetable  and  animal  matters. 
{  Elevations  and  depressions  caused  by  earthquakes. 

<  Displacements  produced  by  volcanic  eruptions. 

(  Discharges  of  lava^  scoriae^  dust,  and  other  matters. 


Or  attempting  to  arrange  them  chronologically,  after  Professor 
Phillips,  we  have  something  like  the  annexed  periods : — 


Recent  or 
Human  Epoch. 


I.  Historical  Period.—  ^ 
Coins,  constructions  of 
civilised  man,  with  re- 
mains of  domesticated 
animals,  and  races  ex- 
tinct in  comparatively 
late  periods. 


Fens,  marshes,  and  river- 
deposits  of  Cambridge- 
shire, Lincolnshire,  York- 
shire, Lancashire,  and 
many  parts  of  Britain 
and  Ii^la.iA. 
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Recent  or 
Human  Epoch,  J 
(continued). 


/2.  PREHISTOBIOAL  PERIOD. 

—  Hude  instruments, 
marks  of  uncivilised 
structures,  earliest  kinds 
of  burials,  remains  of  red- 
deer,  long  -  fronted  ox, 
common  ox. 


Postglacial  Period  in 
Part.  —  Red-deer,  long- 
fronted  ox,  Irish  elk, 
Urus  priscus,  elephant, 
&c. ;  forests  of  modern 
trees. 


/  Broad  gravel-beds  deposited 
in  valleys  by  fresh  water 
— as  in  the  upper  Thames, 
Cherwell,  and  Clyde  val- 
leys— ^lacustrine  deposits, 
&c. :  the  level  of  the  land 
nearly  as  it  is  now. 

'Shell-marl  under  peat,  sub- 
marine forests,  raised 
beaches,  &c.,  with  living 
species  of  shells,  mam- 
moth, &c.:  the  level  of 
the  land  variable,  but  for 
a  time  higher  than  now. 


Carefully  reviewing  the  above  synopses,  and  bearing  in  mind 
what  was  stated  in  last  Chapter  relative  to  the  difficulty  of 
fixing  the  age  of  many  superficial  deposits,  and  remembering 
also  what  was  stated  in  Chapter  III.  respecting  the  causes 
now  modifying  the  crust  of  the  globe,  the  student  need  be 
presented  with  little  more  than  a  mere  indication  of  these 
accumulations.  From  the  silt  laid  down  by  the  floods  of 
yesterday,  the  soil  resulting  from  the  decay  of  last  summer's 
herbage,  or  the  debris  caused  by  the  frosts  of  the  preceding 
winter,  backwards  in  time  to  the  first-formed  alluvium  that 
succeeded  the  close  of  the  pleistocene  epoch,  these  Superficial 
Accumulations  are  everywhere  present,  demanding  the  atten- 
tion of  the  geologist,  if  not  for  their  antiquity,  at  least  for 
their  complexity  and  universality.  Enveloping  and  masking 
the  more  ancient  strata,  they  require  a  distinct  and  separate 
survey;  and  no  geological  mapping  can  be  considered  com- 
plete that  does  not  exhibit  the  extent  and  nature  of  these 
accumulations  on  one  sheet,  and  the  boundaries  of  the  sub- 
jacent stratified  systems  on  another. 


Fluviatile  Accumulations. 

345.  Under  this  head  are  comprehended  all  accumulations 
and  deposits  resulting  from  the  operations  of  rivers  (Lat 
fluvius,  a  river).  We  have  seen  (pars.  49-55)  ^^^  rivers  cut 
for  themselves  channels,  glens,  and  valleys,  and  transport  the 
eroded  materials,  in  the  state  of  mud,  sand,  and  gravel,  to 
some  lower  level.  During  inundations  and  freshets,  some  of 
this  debris  is  spread  over  the  river-plains :  in  ordinary  cases, 
some  oi  it  is  deposited  ia  Y^V<&&  ^ud  isiarshes,  should  such 
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lie  in  their  couise ;  and  io  all  cases  a  notable  proportion  ia 
lodged  in  estuaries  or  carried  out  into  the  ocean.  The  natural 
tendency  of  rivers  being  thus  to  deepen  their  channels,  and 


spread  the  eroded  matter  over  the  lower  levels,  all  river-valleye 
■will  in  course  of  time  become  dry  plains,  even  though  origi- 
nally consisting  of  marshes  and  chains  of  lakes.     Such  opera- 


tions have  been  going  on  since  the  land  received  its  present 
configuration ;  and  thus  we  have  fiuviatile  deposits  of  vast 
antiquity,  as  well  as  accumulations  whose  origin  is  but  of 
yesterday.     Such  alluvial  tracts  as  the  "(aiaeai'  '' b.'w^0k\1,'' 
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and  "haughs"  of  Scotland,  the  "dales,"  "holmes,"  and 
"  vales "  of  England,  and,  in  fact,  the  flat  meadow-lands  of 
most  countries,  have  been  formed  to  a  great  extent  in  this 
way,  and,  where  the  rivers  are  liable  to  be  flooded,  are  still  in 
process  of  augmentation.  Such  accumulations  are  often  of 
considerable  thickness,  and  consist  for  the  most  part  of  alluvial 
silt,  masses  of  gravel  and  shingle,  with  occasional  beds  of  fine 
dark-blue  unctuous  clay,  and  layers  of  peat-moss  and  clay- 
mari.  In  many  of  these  river-deposits  (Yorkshire,  Lancashire, 
Ireland,  tfec.)  have  been  found  the  bones  of  elephants,  rhino- 
ceroses, wild-boars,  elks,  bears,  hyaenas,  wolves,  beavers,  and 
other  animals  long  since  extinct  in  the  British  Islands ;  while 
accumulations  of  similar  nature  in  North  America  have  yielded 
the  mastodon,  in  Northern  Asia  and  Europe  the  mammoth 
and  urus,  in  Australia  extinct  congeners  of  the  kangaroo,  and 
in  New  Zealand  the  bones  of  the  gigantic  dinomis  and 
palapteryx. 

[Touching  the  dispersion  of  mammoth  remains,  which  occur  more  abun- 
dantly in  Siberia  than  in  any  other  country,  Von  Wrangell  has  the  follow- 
ing instructive  remarks:  '*The  best  mammoth  bones,  as  well  as  the 
greatest  number,  are  found  at  a  certain  depth  below  the  surface — usually 
in  clay  hills,  more  rarely  in  black  earth.  The  more  solid  the  clay  the 
better  the  bones  are  preserved.  Experience  has  also  shown  that  more  are 
found  in  elevations  situated  near  higher  hills  than  along  the  low  coast  or 
on  the  flat  tundra." — P.  286.  "  The  right  bank  of  the  Aniuj  (which  fiills 
into  the  Kolyma)  is  much  higher  than  the  left.  It  consists  of  steep  sand- 
hills 30  or  more  fathoms  high  (150  to  200  feet),  and  held  together  only 
by  the  perpetual  frosts,  which  the  summer  is  too  short  to  dissolve.  Most 
of  the  hills  are  frozen  as  hard  as  a  rock ;  nothing  thaws  but  a  thin  outside 
layer,  which,  being  gradually  undermined  by  the  water,  often  causes  ]ai|p 
masses  of  frozen  sand  to  break  off  and  fall  into  the  stream.  When  thk 
happens,  mammoth  bones  in  more  or  less  good  preservation  are  ruauSlj 
found.  We  saw  a  few  bones,  and  a  skull  which  looked  like  that  of  a  ridno- 
ceros." — P.  185.  "Without  entering  in  this  place  into  any  speculatloH 
concerning  the  manner  in  which  these  probably  antediluvian  remains  esine 
into  their  present  situations,  I  would  call  attention  to  the  remarkablefMt 
that  the  teeth,  tusks,  and  bones,  which  are  called  by  the  general  name  of 
'  mammoth  bones,'  but  which  probably  belong  to  several  different  species 
of  animals,  are  not  distributed  equally  over  Siberia,  but  form  immense 
local  accumulations,  which  become  both  richer  and  more  extensive  the 
fui-ther  one  advances  to  the  north.  They  are  foimd  in  the  greatest  ahun- 
dance  in  New  Siberia  and  the  Luchow  Islands,  as  mentioned  by  Reschetni- 
kow  and  Launikow.  Many  hundred  pood  weight  are  collected  there  every 
year,  whereas  on  the  continent  they  are  much  scarcer,  and  are  hardly  ever 
met  with  in  the  southern  part  of  Siberia." — P.  185.] 

;^46,  In   most  oi  \]\i^  ml-axid  -valleys   of   this   and  other 
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coantrieB  there  appear,  belting  their  slopes,  long  level  terraces 
composed  of  sand,  shingle,  and  silt.  Such  terraces  give  evi- 
dence of  former  water-levels,  and  point  to  a.  time  when  the 
valley  was  occupied  by  a  lake  at  that  height,  or  when  the 
plain  stood  at  that  level,  and  before  the  river  had  worn  its 
channel  down  to  the  present  depth.     Jiiver-terraces  must  not 


be  confounded  with  the  raised  beaches  which  fringe  many 
parts  of  our  coaata  and  estuaries ;  for,  though  both  are  in  one 
sense  ancient  water-levels,  the  former  may  be  local  and  partial, 
while  the  latter  are  general  and  uniform.     Besides,  the  re- 


mains found  in  the  one  are  of  terrestrial  or  fresh-water  origin  ; 
in  the  other  they  are  strictly  marine.  These  terraces  have 
long  attracted  attention,  and  point  to  a  time  when  mauY  ot 
our  fertile  valleys  were  chains  of  lakes  a    '  "  '" 
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have  been  drained  and  converted  into  alluvial  land  by  the 
natural  deepening  of  their  river-channels.  Their  remains  are 
generally  identical  with  those  of  the  river-silts  noticed  in  the 
preceding  paragraph — the  shells  being  such  as  the  land  helices, 
and  the  fresh-water  genera,  lynmaea,  paludina,  &c.  To  the 
river-drifts  and  atmospheric  debris  of  this  epoch  belong  also 
the  auriferous  sands,  gravels,  and  days  of  California,  the 
Brazils,  Australia,  and  the  Ourals ;  the  stream-tin^  of  Corn- 
wall ;  and  other  metalliferous  accumulations.  Many  of  these 
(the  "High-level  gravels")  date  back  to  a  time  (chronologically 
speaking)  incalculably  remote,  and  may  be  in  part  coeval  with 
the  pleistocene  gravels  and  pliocene  crags  of  the  Tertiary 
system;  others,  again  (the  "Low-level  gravels"),  are  evidently 
the  products  of  existing  streams,  and  may  have  been  trans- 
ported from  their  parent  hill-cliffs  even  within  the  historic  era. 
The  process,  in  fact,  is  still  in  operation,  and  wherever  metallic 
veins  are  exposed  in  cliffs  and  hillsides,  and  these  cliffs  sub- 
jected to  atmospheric  and  aqueous  waste,  there,  in  the  gullies 
and  stream-courses,  will  the  metallic  particles  (the  "dust," 
"nuggets,"  and  "pepitas")  be  deposited,  along  with  the 
shingle,  gravel,  and  miscellaneous  debris. 


Estuarine  or  Fluvio-marine  Accumulations. 

347.  At  the  mouths  or  in  ^he  estuaries  of  all  existing  rivers 
there  have  beein  accumulating,  since  sea  and  land  received 
their  present  configuration,  deposits  of  mud,  sand,  gravel,  and 
vegetable  debris.  In  course  of  time  these  deposits  constitute 
large  expanses  of  low  alluvial  land,  known  as  "  deltas,"  the 
most  notable  instances  of  which  are  those  of  the  Rhine  and  Po 
in  Europe,  of  the  Nile  and  Niger  in  Africa,  of  the  Ganges  and 
Chinese  rivers  in  Asia,  and  of  the  Mississippi  and  Amazon 
in  America.  Many  of  these  deposits  are  of  vast  extent,  and, 
with  the  exception  of  what  is  taking  place  at  the  bottom  of 
the  ocean  (of  which  we  know  almost  nothing),  they  are  of  all 
modem  formations  the  most  important  in  modifying  the 
crust  of  the  globe.  Wl^re  a  river  discharges  itself  into  a 
non-tidal  sea,  like  the  Po  into  the  Gulf  of  Venice,  the  delta 
will  be  mainly  of  iluviatile  origin ;  but  where  the  discharge  is 
into  a  tidal  sea,  like  the  Ganges  into  the  Bay  of  Bengal,  the 
deposit  will  be  partly  fluviatile  and  partly  marine  {flnvio- 
marine).  Further,  the  deltas  of  tropical  rivers  subject  to 
j^eriodical  inundations  ate,  tocm%  tVue  dry.  season,  low  flat 
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tracts  full  of  swamps,  creeks,  and  mud-islands  {e.g,,  the 
Niger),  which  nourish  the  rankest  jungle-growth  (mangrove, 
&c.),  herds  of  gigantic  amphibia,  shell-beds,  and  shoals  of 
fishes.  Oh  the  return  of  the  wet  season,  many  of  these  plants 
and  animals  are  buried  where  they  grow,  or  are  swept  forward 
into  the  ocean.  We  have  thus  a  complex  set  of  agents — 
rivers,  tides,  waves — the  drift  from  inland,  the  drift  from  the 
sea,  and  the  growth  of  plants  and  animals  in  situ.  All  these 
conjoined  render  estuary  deposits  extremely  perplexing  and 
irregular  in  their  composition ;  and  though  in  general  terms 
they  may  be  said  to  consist  of  mud,  clay,  sand,  gravel,  and 
vegetable  debris,  intermingled  with  organisms  of  terrestrial, 
fresh-water,  and  marine  origin,  yet  scarcely  two  of  them 
present  one  feature  in  common.  To  this  class  of  deposits 
belong  the  ^^oess"  or  'Hehm"  of  the  Rhine — a  pulverulent, 
yellowish,  sandy  loam,  mixed  with  a  little  calcareous  matter, 
and  replete  with  land  and  fresh-water  shells;  the  ^* rock-sands" 
of  the  Rhone,  which  are  cemented  by  calcareous  infiltrations, 
and  so  hard  as  to  furnish  an  indifferent  building-stone ;  the 
^^ rock-marl"  of  the  Adriatic  deltas;  and  the  ^^stone-gravels" 
or  recent  conglomerates  that  block  up  the  beds  of  so  many  of 
the  rivers  of  Asia  Minor. 

348.  In  their  fossil  contents  these  estuarine  deposits  must 
vary  according  to  the  countries  in  which  they  are  situated ; 
the  Granges,  for  example,  entombing  in  its  delta  the  palms, 
tree-ferns,  gavials,  elephants,  tigers,  and  lions  of  India ;  the 
Niger,  the  palms,  the  elephant,  hippopotamus,  rhinoceros, 
giraffe,  camel,  and  ostrich  of  Africa ;  the  Amazon,  the  palms, 
alligators,  llamas,  sloths,  lemurs,  and  monkeys  peculiar  to 
South  America ;  while  the  Mississippi  floats  down  the  pines, 
buffaloes,  elk,  deer,  and  beavers  of  the  northern  continent. 
Even  in  their  several  portions  such  immense  tracts  will 
exhibit  many  minor  differences  in  their  floras  and  faunas, 
according  to  the  districts  whence  the  debris  may  have  been 
borne,  and  according  to  the  influence  exerted  by  tidal  and 
other  marine  agencies  over  the  area  of  deposit.  Such  minor 
differences  are  instructively  alluded  to  by  Dr  Hooker  in  his 
*  Himalayan  Journals '  when  speaking  of  the  delta  of  the 
Granges.  "To  the  geologist,"  he  says,  "the  Jheels  and 
Sunderbunds  are  a  most  instructive  region,  as,  whatever 
may  be  the  mean  elevation  of  their  waters,  a  permanent 
depression  of  10  or  15  feet  would  submerge  an  immense 
tract  which  the  Ganges,  Burrampooter,  and  Soonrnli  -^csksX^ 
soon   cover  with  beds  of  silt  and  Band.    'YViet^  ^cydi^  "^^^^ 
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extremely  few  shells  in  the  beds  thus  formed,  the  southern 
and  northern  divisions  of  which  would  present  two  very 
different  floras  and  faunas,  and  would  in  all  probability  be 
referred  by  future  geologists  to  widely  different  epochs.  To 
the  north,  beds  of  peat  would  be  formed  by  grasses;  and 
in  other  parts,  temperate  and  tropical  forms  of  plants  and 
animals  would  be  preserved  in  such  equally-balanced  propor- 
tions as  to  confound  the  palaeontologist :  with  the  bones  of 
the  long-snouted  alligator,  Qangetic  porpoise,  Indian  cow, 
buffalo,  rhinoceros,  elephant,  tiger,  deer,  boar,  and  a  host  of 
other  animals,  he  would  meet  with  acorns  of  several  species 
of  oak,  pine-cones,  and  magnolia  fruits,  rose-seeds,  and  cycas- 
nuts,  with  palm-nuts,  screw-pines,  and  other  tropical  produc- 
tions. On  the  other  hand,  the  Sunderbunds  portion,  though 
containing  also  the  bones  of  the  tiger,  deer,  and  buffalo,  would 
have  none  of  the  Indian  cow,  rhinoceros,  or  elephant ;  there 
would  be  different  species  of  porpoise,  alligator,  and  deer,  and 
none  of  the  above-mentioned  plants  (cycas,  oak,  pine,  mag- 
nolia, and  rose),  which  would  be  replaced  by  numerous  others, 
all  distinct  from  those  of  the  Jheels,  and  many  of  them  in- 
dicative of  salt  water,  whose  proximity  (from  the  rarity  of 
sea-shells)  mieht  not  otherwise  be  suspected.'* 

349.  As  these  estuary  deposits  no^  vary  in  their  sub-fossil 
contents,  so  they  must  have  varied  since  their  commencement, 
or  the  time  when  existing  races  were  restricted  to  their  pre- 
sent biological  provinces ;  and  thus,  were  they  well  explored, 
they  would  afford  unerring  criteria  of  any  specific  changes 
that  may  have  taken  place  in  the  fauna  of  the  current 
epoch.  In  regions  where  there  has  been  little  displacement 
of  level,  or  disturbance  of  the  present  distribution  of  sea  and 
land,  these  estuary  deposits  present  an  unbroken  suite  from 
the  silts  of  last  tide  down  to  the  lowest  eocene  tertiaries.  lu 
all  latitudes,  however,  subjected  to  the  glacial  drift,  the  line 
of  demarcation  is  by  no  means  obscure ;  hence  we  can  judge 
of  any  local  removals  or  general  extinctions  of  species  that 
may  have  taken  place  since  the  close  of  the  pleistocene  period. 
In  the  Clyde,  Forth,  Humber,  Thames,  and  other  British 
estuaries,  we  find  marine  shells  of  species  now  rare  or  extinct 
in  these  seas;  bones  of  cetacea,  seals,  and  aquatic  birds, 
seldom  or  never  seen  in  the  same  latitudes ;  tusks,  grinders, 
and  bones  of  elephants,  hippopotami,  elks,  urus,  bos  longi- 
frons,  equus fossilis,  hyaena,  &c.,  long  since  extinct  in  Europe; 
and  in  the  more  superficial  beds  (at  a  depth  of  from  lo  to 
20  feet)  have  been  disco^^i^^  c.-axio^^  %t«ue  hatchets,  and 
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other  monuments  of  the  prehistoric  human  epoch.    In  other 
countries  the  organic  remains  of  these  estuary  deposits  pre- 


sent a  somewhat  similar  gradation,  from  the  prehistoric  ^«ns:A 
of  man  backwards  to  the  times  oE  the  mjXoio^^  ToamaaKiilti., 
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mastodon,  and  other  quadrupeds  that  lived  from  the  tertiary 
into  the  current  epoch.  And  here  it  may  be  observed  that 
in  tropical  and  sub-tropical  latitudes,  where  the  glacial  drift 
does  not  occur,  the  geologist  may  yet  find  it  impossible  to 
draw  any  sharp  line  between  the  earliest  of  these  estuary 
deposits  and  the  so-called  tertiaries,  but  be  compelled  to 
rank,  for  example,  the  diiwmis  muds  of  New  Zealand,  the 
kangaroo  breccias  of  Australia^  and  the  megatheriurri  silts  of 
South  America,  along  with  the  older  tertiaries,  into  one  un- 
broken though  imperceptibly  varying  Cainozoic  cycle. 

350.  Respecting  the  geographical  extent  of  river  and  estuary 
deposits,  our  limits  preclude  any  notice  of  these  curious 
measurements  and  details,  which  are  given  in  Lyell's  *  Prin- 
ciples,' Somerville's  'Physical  Geography,'  and  other  similar 
works.  We  can  only  extract,  as  illustrative  of  their  magni- 
tude, the  following  relative  to  the  delta  or  alluvial  plain  of 
the  Mississippi :  "  The  alluvial  plain  of  the  Mississippi  be- 
gins to  be  of  great  width  below  Cape  Girardeau,  50  miles 
above  the  junction  of  the  Ohio.  At  this  junction  it  is 
about  50  miles  broad,  south  of  which  it  contracts  to  about 
30  miles  at  Memphis,  expands  again  to  80  miles  at  the  mouth 
of  the  White  River,  and  then,  after  various  contractions  and 
expansions,  protrudes  beyond  the  general  coast-line  in  the  large 
delta  about .  90  miles  in  width  from  north-east  to  south-west. 
Mr  Forshay  estimates  the  area  of  the  great  plain,  as  above 
defined,  at  31,200  square  miles,  with  a  circumference  of  about 
3000  miles,  exceeding  the  area  of  Ireland.  If  that  part  of 
the  plain  which  lies  below,  or  to  the  south  of  the  branching 
off  of  the  highest  arm,  called  the  Atchafalaya,  be  termed  the 
delta^  it  constitutes  less  than  half  of  the  whole,  being  14,000 
square  miles  in  area.  The  delta  may  be  said  to  be  bounded 
on  the  east,  west,  and  south  by  the  sea ;  on  the  north  chiefly 
by  the  broad  valley-plain,  which  entirely  resembles  it  in  char- 
acter as  in  origin.  The  east  and  west  boundaries  of  the 
alluvial  region,  above  the  head  of  the  delta,  consist  of  clay 
cliffs  or  *  bluffs,'  from  50  to  250  feet  in  height,  and  which,  on 
the  east  side  of  the  Mississippi,  are  very  abrupt,  and  are 
undermined  by  the  river  at  many  points.  They  consist,  from 
Baton  Rouge  in  Louisiana,  where  they  commence,  as  far  north 
as  the  borders  of  Kentucky,  of  geological  formations  of  very 
modern  date,  the  lowest  being  eocene,  and  the  uppermost  con- 
sisting of  loam,  with  fresh-water  and  land  shells,  almost  all  of 
existing  species.  These  recent  shells  are  associated  with  the 
bones  of  the  maatodoti,  ^\e.i^\i3wcLV^"^lod      and  other  extinct 
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quadrupeds.  .  .  .  The  deposits  of  the  alluvial  plain,  and 
delta  proper,  consist  partly  of  sand  originally  formed  upon  or 
near  the  banks  of  the  river  and  its  tributaries;  partly  of 
gravel,  swept  down  the  main  channel,  of  which  the  position 
has  continually  shifted ;  and  partly  of  fine  mud  slowly  accu- 
mulated in  the  swamps.  The  farther  we  descend  the  river 
towards  its  mouth,  the  finer  becomes  the  texture  of  the  sedi- 
ment. The  whole  alluvial  formation,  from  the  base  of  the 
delta  upwards,  slopes  with  a  very  gentle  inclination,  rising 
about  3  inches  in  a  mile  from  the  level  of  the  sea  at  Balize, 
to  the  height  of  about  200  feet  in  a  distance  of  800  miles. 
That  a  large  portion  of  this  fluviatile  deposit,  together  with 
the  fluvio-marine  strata  now  in  progress  near  the  Balize,  con- 
sists of  mud  and  sand,  with  much  vegetable  matter  inter- 
mixed, may  be  inferred  from  the  abundance  of  drift-trees 
floated  down  every  summer,  and  which  form  tangled  miscel- 
laneous *  rafts,*  sometimes,  like  that  of  18 16,  no  less  than  10 
miles  in  length,  220  yards  wide,  and  8  feet  deep.  .  .  . 
Assuming  the  depth  of  the  delta  deposited  to  be  528  feet  (and 
borings  have  been  made  in  it  to  the  depth  of  600  feet),  its 
area  13,600  square  miles,  and  the  solid  matter  brought  down 
by  the  river  (as  calculated  by  Carpenter  and  Forshay)  to  be 
annually  3,702,758,600  cubic  feet,  it  must  have  taken  67,000 
years  for  the  formation  of  the  whole ;  and  if  the  alluvial 
matter  of  the  plain  above  be  264  feet  deep,  or  half  that  of  the 
delta  proper,  it  must  have  required  33,500  more  years  for  its 
accumulation,  even  if  its  area  be  estimated  as  only  equal  to 
that  of  the  delta,  whereas  it  is  in  fact  larger.  Yet  the  whole 
period  during  which  the  Mississippi  has  been  transporting  its 
earthy  burden  to  the  ocean,  though  perhaps  far  exceeding 
100,000  years,  must  be  insignificant  in  a  geological  point  of 
view,  since  the  bluffs  or  cliffs  bounding  the  great  valley,  and 
therefore  older  in  date,  and  which  are  from  50  to  250  feet  in 
perpendicular  height,  consist  in  great  part  of  loam,  containing 
terrestrial,  fluviatUe,  and  lacustrine  shells  still  inhabiting  the 
same  country.  These  fossil  shells,  occurring  in  a  deposit 
resembling  the  loess  of  the  Rhine,  are  associated  with  the 
bones  of  the  mastodon,  elephant,  tapir,  mylodon,  and  other 
megatheroid  animals,  also  a  species  of  horse,  ox,  and  other 
mammals,  most  of  them  of  extinct  species.  The  loam  rests 
at  Vicksburg  and  other  places  on  eocene  or  lower  tertiary 
strata,  which,  in  the  town,  repose  on  cretaceous  rocks." 

351.  Here,  then,  in  the  region  of  the  Mississippi,  we  have 
one  of  those  great  and  gradually  varying  svxfiG^\o\x^^  n^^Ocl 
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unite  the  eocene  strata  with  the  pleistocene  BlufiTs,  and  those 
again  with  the  ancient  aUuvinm  of  the  Plain,  up  to  the  last- 
formed  silts  of  the  Delta.  By  insensible  degrees  we  descend 
the  stream  of  time  from  the  eocene  palaeotherium  to  the 
pleistocene  mastodon,  and  from  the  mastodon  to  the  present 
day,  when  the  silts  entomb  the  remains  of  buffaloes,  bears, 
wolves,  racoons,  opossums,  otters,  minks,  beavers,  and  other 
creatures  now  peopling  the  American  continent.  As  with  the 
delta  of  the  Mississippi,  so  with  all  others — making  allowance 
for  the  region,  climate,  and  biological  provinces  vdth  which 
they  are  connected. 

Lacustrine  or  Lake  Deposits. 

352.  Lacustrine  deposits  (Lat.  lacus,  a  lake)  are  those  found 
either  in  existing  lakes  or  occupying  the  sites  of  lakes  now 
filled  up.     Lakes  are  found  in  every  region  of  the  world,  and 
act  as  settling-pools  or  filters  for  the  rivers  that  flow  through 
them.     A  river  on  entering  a  lake  may  be  turbid  and  muddy, 
while  the  water  that  flows  from  it  is  limpid  and  clear  as  crystal. 
The  mud  or  sand  settles  down  as  silt,  and  successive  deposi- 
tions of  silt,  with  intermixtures  of  vegetable  drift  and  peat- 
moss and  marl,  constitute  the  ordinary  composition  of  lacus- 
trine accumulations.     Situated  in  plains  or  valleys,  a  lake 
serves  in  general  as  a  basin  of  reception  to  several  streams 
and  rivers.     The  mud  borne  down  by  these  streams  settles  at 
their  mouths,  and  forms  small  deltas,  which  in  process  of  time 
are  covered  with  reeds,  rushes,  equisetums,  and  other  marsh- 
plants  ;  new  accumulations  of  sediment  push  their  way  into 
the  centre  of  the  lake,  and  new  growths  of  marsh-plants  arise. 
The  annual  growth  and  decay  of  these  plants  form  beds  of 
peat  or  bog-earth ;  while  fresh- water  shells,  infusorial  animal- 
cules, and  calcareous  springs,  combine  to  elaborate  layers  of 
marl.      These    agencies,   acting    incessantly,    are    gradually 
shoaling  and  silting  up  all  lakes ;  lessening  the  areas  of  some, 
converting  others  into   marshes,  and  these  again  into  dry 
alluvial  land. 

353.  Ancient  lake-silts  or  lacustrine  deposits  are  rife  in 
every  country ;  a  great  proportion  of  our  alluvial  valleys  are 
but  the  sites  of  marshes  and  lakes  filled  up  by  the  processes 
above  described ;  and  though  all  superficial  evidences  of  the 
lake  be  obliterated,  the  regular  manner  in  which  the  materials 
are  arranged  serves  readily  to   distinguish  lacustrine  from 

fluviatile  silt.     E,especliii»  t\v^  ^x^'a.  Qc<i\i9ied  by  lake-deposits, 
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it  is  impossible  to  form  an  accurate  estimate,  though  it  is  evi- 
dent the  soil  of  most  inland  valleys,  both  in  this  and  in  other 
countries,  is  in  a  great  measure  composed  of  them.  The  prairies 
and  savannahs  of  North  America,  the  pampas  and  llanos  of 
South  America,  and  the  steppes  of  Eastern  Europe  and  Asia, 
are  regarded  by  many  as  partly  owing  to  a  general  elevation 
of  the  land,  and  as  partly  the  sites  of  lakes  now  drained  and 
silted  up;  and,  considering  their  relation  to  existing  rivers 
and  valleys  of  drainage,  there  is  ample  foundation  for  this 
opinion.  Considerable  tracts  of  alluvial  land  are  still  in  pro- 
gress of  formation  along  the  borders  of  existing  lakes,  whose 
sites,  under  the  double  process  of  silting  up  and  drainage,  are 
evidently  destined  to  become  flat  verdant  plains,  like  those 
to  which  we  have  alluded.  By  drainage  is  meant  that  tend- 
ency which  rivers,  issuing  from  lakes,  have  to  deepen  their 
channels,  and  thereby  not  only  lower  the  level  of  the  parent 
waters,  but  also  to  render  them,  from  their  shallowness,  more 
liable  to  be  choked  up  by  aquatic  and  marsh  vegetation. 

354.  Of  the  heterogeneous  substances — sand,  gravel,  clay, 
loam,  peat-earth,  and  marl — composing  lacustrine  deposits, 
marl  is  the  only  one  whose  formation  deserves  particular 
notice.  It  occurs  in  many  of  our  British  lakes  in  various 
states  of  purity,  from  a  marly  clay  which  will  scarcely  effer- 
vesce with  acids,  to  a  shell-marl  containing  from  80  to  90  per 
cent  of  lime.  Marl-clay,  for  instance,  occurs  as  a  whitish 
friable  clay  with  an  admixture  of  lime,  and  sometimes  also  of 
magnesian  earth;  the  term  day-marl  is  applied  when  the 
calcareous  matter  prevails  over  the  clay ;  shell-marl  is  almost 
wholly  composed  of  lime  and  fresh-water  shells,  with  a  trace 
of  clay  or  other  earthy  matter ;  and  where  solidified  by  the 
subsequent  percolation  of  calcareous  waters,  it  is  known  as 
rock-marl.  With  respect  to  the  origin  of  these  marls  there  are 
various  opinions,  though  it  is  generally  admitted  that  they  are 
derived  partly  from  calcareous  springs  which  enter  the  lakes, 
and  partly  from  the  shells  and  secretions  of  fresh -water 
molluscs,  minute  crustaceans  (cyprides),  and  other  animalcules, 
which  inhabit  them.  What  tends  to  confirm  this  opinion  is 
the  fact,  that  marl-clay  and  clay-marl  are  found  chiefly  among 
the  deposits  of  ancient  or  modern  lakes  situated  in  limestone 
districts  where  calcareous  springs  abound ;  and  that  shell-marl 
is  often  almost  wholly  composed  of  the  exuviae  of  molluscs, 
&c.,  many  genera  of  which  are  still  inhabiting  the  same  lakes 
and  marshes  in  which  the  deposit  is  found.  Marl  occurs 
irregularly  interstratified  with  clay-silt,  pesArmo^a,  ot  ^c»:^^^ 
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and  was  at  one  time  extensively  dug  and  dredged  for  agricul- 
tural purposes  in  many  of  the  ancient  lake-sites  and  alluvial 
valleys  of  Great  Britain  and  Ireland. 

355.  The  organic  remains  found  in  lacustrine  deposits  will 
vary,  of  course,  with  the  region  in  which  they  occur,  their 
altitude  above  the  sea  even  in  the  same  country,  the  nature  of 
the  rocks  over  which  the  drainage-waters  flow,  and  other  con- 
ditions of  climate  and  geography  which  influence  the  flora  and 
fauna  of  a  district.  In  our  own  country  the  remains  are 
strictly  fresh-water  and  terrestrial — fresh-water  shells,  as  the 
lymnaea,  paludina,  planorbis,  cyclas,  &c. ;  land  shells,  as  the 
helix ;  minute  crustaceans,  as  cypris,  &c.  ;  diatoms  and  in- 
f  usoriae ;  marsh-plants,  as  the  reed,  bulrush,  equisetum,  &c. ; 
drift  or  terrestrial  plants,  as  the  willow,  alder,  birch,  hazel, 
oak,  pine,  &c. ;  with  bones,  horns,  and  sometimes  complete 
skeletons,  of  the  great  Irish  deer,  red-deer,  ox,  horse,  bear, 


Megaceros  Hibernicus.  or  Gigantic  Irish  Deer. 

beaver,  otter,  and  other  mammalia,  some  of  them  long  since 
extinct  in  the  localities  where  their  exuviae  are  now  found. 
In  many  of  the  lake-deposits  of  Britain,  Ireland,  France, 
Belgium,  and  Switzerland,  canoes,  stone  battle-axes,  bone 
weapons,  and  other  objects  of  human  art-^and  indeed  the 
sites  of  whole  villages  or  Lake-dwellings — ^have  been  dis- 
covered, all  pointing  to  the  recent  period  of  geology,  though 
historically  of  vast  antiquity,  or  even  far  beyond  the  written 
records  of  our  race. 
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[The  Lake-dwellings,  found  so  frequently  in  the  marshes  and  lake-silts  of 
Switzerland,  Ireland,  Scotland,  and  generally  indeed  in  Western  Europe, 
seem  to  have  been  erected  on  piles  driven  in  the  water,  or  on  mounds  partly 
formed  of  stones,  wood,  and  other  debris.  Known  in  Switzerland  as  P/ahi- 
hauten,  or  pile-dwellings,  and  in  our  country  as  Crannoges^  these  lake- 
habitations  and  their  contents  have  recently  received  much  attention  from 
archaeologists  and  geologists,  most  of  them  (MM.  Troyon,  Keller,  Morlot, 
and  others)  agreeing  that  this  mode  of  dwelling  seems  to  have  been  common 
in  Southern  and  Western  Europe  during  the  stone  and  bronze  periods,  and 
even  during  the  earlier  part  of  the  iron  period.  Nor  is  the  practice  aban- 
doned in  certain  countries  at  the  present  day — the  inhabitants  of  the  Malay 
Peninsula,  of  the  lake  region  of  Central  Africa,  and  of  the  plain  of  the 
Amazon,  still  erecting  such  aquatic  shelters  and  betaking  themselves  to  the 
waters.  Herodotus  relates  that  in  the  time  of  Darius  (about  520  B.C.)  there 
existed  a  similar  settlement  in  the  middle  of  Lake  Prasias,  in  Poeonia  (now 
probably  Lake  Takinos,  in  the  modem  Turkish  province  of  Roumelia). 
*'The  houses,"  he  says,  "were  built  on  a  platform  of  wood,  supported  by 
wooden  stakes ;  and  a  narrow  bridge,  which  could  be  withdrawn  at  pleasure, 
communicated  with  the  shore."  ''When  man,"  says  M.  Morlot,  "thus 
stationed  his  dwellings  on  piles,  all  the  refuse  of  his  industry  and  of  his  food 
were  naturally  thrown  into  the  lake,  and  were  often  well  preserved  in  the 
mud  at  the  bottom .  If  occasionally  such  establishments  were  burnt,' whether 
intentionally  by  the  enemy  or  by  accident,  a  vast  quantity  and  variety 
of  articles,  including  some  of  great  value,  would  sink  to  the  bottom  of  the 
waters.  Such  aquatic  sites  were  probably  selected  as  places  of  safety, 
since,  when  the  bridge  was  removed,  they  could  only  be  approached  by 
boats,  and  the  water  would  serve  for  protectiou  alike  against  wild  animals 
and  human  foes."  In  the  older  Pfahlbauten  of  S^vitzerland  the  implements 
are  chiefly  of  stoney  and  associated  with  the  castaway  bones  of  the  deer, 
boar,  and  wild-ox ;  in  those  of  intermediate  age,  bronze  implements  prevail, 
associated  with  the  bones  of  the  domestic  ox,  pig,  and  goat ;  while  in  the 
more  recent,  iron  swords  and  spears  have  been  found,  accompanied  by 
carbonised  grains  of  wheat  and  barley,  and  with  fragments  of  rude  textures 
woven  of  flax  and  straw.  The  more  recent  seem  to  have  been  anterior  to 
the  great  Roman  invasion  of  Northern  Europe ;  the  more  ancient  may  be 
many  thousands  of  years  older  than  that  event.  For  full  details  of  these 
"Lake-dwellings,"  as  also  of  the  prehistoric  "Shell-mounds,"  "Earth- 
mounds,"  "Cave-dwellings,"  and  the  like,  which  are  now  receiving  so 
much  attention  in  connection  with  the  question  of  Man's  antiquity,  the 
reader  may  refer  to  Lubbock's  'Prehistoric  Times,*  as  yet  the  most  com- 
pendious English  work  devoted  to  these  archeeologico-geological  subjects.] 


Marine  Deposits. 

356.  The  marine  deposits  of  the  modem  epoch  naturally 
divide  themselves  into  three  great  classes, — those  taking  place 
under  the  waters  of  the  ocean,  as  calcareous  muds,  sandbanks, 
and  shoals;  those  collecting  along  the  isea-margin,  as  mud- 
silt,  sand-drift,  and  shingle-beaches  •,  and  \\v.o^e,\^^  ^xikv^tj^* 
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beaches,  now  elevated  above  the  level  of  the  present  seas. 
Respecting  the  first  class  of  deposits  we  shall  shortly  know 
more  from  the  systematic  cruise  of  the  Challenger,  which  will 
supply  us  for  the  first  time  with  something  like  a  sketch-map 
of  the  depths  of  the  ocean.  So  far  as  dredgings  and  sound- 
ings enable  us  to  decide  what  is  going  on  under  the  waters, 
submarine  deposits  appear  to  be  extremely  varied — ^here  soft 
slimy  mud,  there  light-coloured  clay,  with  shells ;  here  shelly 
sand  replete  with  minute  foraminifera  and  broken  corals, 
there  soft  chalky  mud,  arising  from  the  decomposition  of 
corals  and  accumulations  of  protozoa ;  here  leagues  of  reddish 
clay  apparently  arising  from  the  decomposition  of  these 
protozoa,  there  the  drifted  dust  and  ashes  of  volcanic  ejection; 
here  black  fetid  masses  of  decaying  sea- weed,  there  sandy 
shoals  and  gravel-banks ;  and  over  the  whole,  elevations  and 
depressions  as  irregular  and  varied  as  those  of  the  dry  land. 
Such  irregularities  of  sea-bottom,  conjoined  with  the  config- 
uration of  sea  and  land,  give  rise  to  numerous  currents,  and 
these  currents  not  only  distribute  the  submarine  debris,  but 
transport  the  products  of  one  region  to  another.  The  princi- 
pal ocean- currents  are  the  tides,  with  all  their  varied  ramifi- 
cations, the  equatorial  currents,  the  Gulf  Stream,  the  Black 
Stream  of  the  Pacific,  and  the  currents  which  set  in  from 
either  pole  towards  the  equator.  The  tidal  currents  are  per- 
petually shifting  and  redistributing  the  deposits  along  the 
sea-bottom ;  the  Gulf  Stream  is  as  regularly  transporting 
tropical  products  to  temperate  regions ;  and  the  polar  currents 
carry  with  them  icebergs  and  ice-floes  laden  with  rocks  and 
gravel,  which  are  dropped  on  the  sea-bottom  as  the  ice  melts 
away  in  warmer  latitudes.  All  these  agents  are  incessantly  at 
work;  and  thus  deposits  are  now  accumulating  along  the 
bottom  of  the  ocean,  which,  if  raised  into  dry  land,  would 
equal  in  extent  any  of  the  older  formations. 

357.  The  bottom  of  the  Mediterranean,  for  example,  has 
been  proved  by  soundings  to  consist,  in  the  western  portion, 
of  sand  and  shells;  in  the  eastern,  of  impalpable  mud  and 
comminuted  shells ;  and  in  the  Adriatic  Gulf,  partly  of  mud 
and  partly  of  calcareous  rock  enclosing  shells,  which  are  some- 
times grouped  in  families.  The  German  Ocean,  according  to 
Mr  Stevenson  (*  Edinburgh  Philosophical  Journal '  for  1820), 
is  deepest  on  the  Norwegian  side,  where  the  soundings  give 
190  fathoms ;  but  the  mean  depth  of  the  whole  basin  may  be 
stated  at  no  more  than  3 1  fathoms.  The  bed  of  this  sea  is 
traversed  by  several  enoTmoxj^a  \i^xiks,  one  of  which,  occupying 
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a  central  position,  trends  from  the  Firth  of  Forth  in  a  north- 
easterly direction  to  a  distance  of  no  miles;  others  run  from 
Denmark  and  Jutland  upwards  of  105  miles  to  the  north- 
west ;  while  the  greatest  of  all — ^the  Dogger  Bank — extends 
for  upwards  of  354  miles  from  north  to  south.  The  super- 
ficies of  these  enormous  shoals  is  equal  to  one-fifth  of  the 
whole  area  of  the  German  Ocean,  or  about  one-third  of  the 
extent  of  England  and  Scotland.  The  average  height  of  the 
banks  measures  about  78  feet,  the  upper  portion  of  them  con- 
sisting of  fine  and  coarse  silicious  sand,  mixed  with  commin- 
uted corals  and  shells.  In  the  North  Atlantic,  and  along 
hundreds  of  miles  of  the  course  sounded  for  the  telegraphic 
cable,  the  sounding-lead  brought  up  for  the  most  part  a  fine 
whitish  mud  or  ooze  (an  incipient  chalk,  in  fact),  mainly  com- 
posed of  the  remains  of  foraminifera,  and  which,  judging 
from  its  extent,  must  be  of  considerable  thickness.  The  same 
and  similar  facts  have  since  been  corroborated  by  the  sub- 
sequent dredgings  of  the  Porcupine,  Lightning,  and  Chal- 
lenger (see  Organic  Accumulations  under  the  present  chapter), 
and  altogether  open  up  a  new  field  of  life  and  speculation  to 
modern  biologists  and  geologists.  As  in  the  Atlantic,  the 
Mediterranean  and  German  seas,  so  in  all  other  parts  of  the 
ocean,  agents  are  at  work  depositing,  however  slowly,  materials 
which  are  destined  to  form  part  of  the  stratified  formations  of 
future  continents  and  islands. 

358.  Marine  silt,  sandrdrift,  shingle-beaches,  and  the  like, 
are  the  terms  usually  applied  to  accumulations  which  have 
taken  place,  or  are  still  in  progress,  along  the  present  shores 
of  the  ocean.  Waves  and  tidal  transports  are  the  agents  to 
which  these  owe  their  origin ;  they  occur  in  bays  and  sheltered 
recesses,  and,  as  strictly  marine  formations,  are  not  to  be  con- 
founded with  the  silt  of  estuaries  and  river  embouchures. 
Around  the  shores  of  our  own  island,  and,  in  fact,  along  the 
shores  of  every  other  country,  the  tides  and  waves  are  wasting 
away  the  land  in  some  localities,  and  transporting  the  debris 
to  sheltered  bays  and  creeks,  there  to  be  laid  down  as  mud- 
silt,  sand,  or  gravel.  This  process  must  have  been  going  for- 
ward since  sea  and  land  acquired  their  present  distribution, 
and  thus  many  of  these  accumulations  are  both  of  vast  extent 
and  great  antiquity — dating  back  to  the  epoch  of  the  mam- 
moth and  mastodon,  whose  tusks  and  grinders  are  of  frequent 
occurrence  among  them.  As  examples  of  marine  silty  we  may 
point  to  the  "  warp  "  of  the  Humber,  which  occupies  an  area 
of  more  than  300  square  miles ;  to  the  fens  oi  tm^^VK^K^x.^-i 
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Cambridge,  and  Huntingdon,  "which  extend  to  nearly  looo 
square  miles ;  to  the  extensive  sands  and  marshes  near  Yar- 
mouth ;  to  the  flats  of  Somerset  and  Gloucester  on  the  estuary 
of  the  Severn ;  to  Morecambe  Bay  and  the  reaches  of  the 
Solway.  The  low  plains  of  Holland  and  Denmark  (more 
than  half  the  area  of  Britain)  are  the  direct  formation  of  the 
German  Ocean ;  in  the  Levant,  Tyre  and  Sidon,  seaports 
mentioned  in  Scripture,  are  now  several  miles  inland ;  Te- 
hama country  on  the  Bed  Sea  has  increased  from  3  to  6  miles 
seaward  since  the  Christian  era ;  and  the  Isthmus  of  Suez, 
which  is  now  about  28  miles  broad,  is  said  to  have  doubled 
its  width  since  the  time  of  Herodotus  (2000  years  ago).  The 
organic  remains  in  these  silts  are  chiefly  marine,  and  vary,  of 
course,  according  to  the  locality  and  latitude  in  which  they 
occur.  In  those  of  Britain,  we  have  shells  now  rather  scarce 
or  altogether  removed  from  these  seas,  the  jaw-bones,  ribs, 
and  vertebrae  of  whales,  and  not  unfrequently  the  tusks, 
grinders,  and  bones  of  the  mastodon,  mammoth,  rhinoceros, 
and  other  extinct  pachyderms ;  but  whether  some  of  these  do 
actually  belong  to  the  period  of  the  silt,  or  have  been  derived 
from  the  waste  of  pleistocene  cliffs  and  redeposited  in  the 
marine  mud,  is  a  subject  fairly  open  to  question. 

359.  Of  sand-drift,  which  is  first  accumulated  by  the  tides 
and  waves,  and  subsequently  blown  inland  into  irregular 
heights  and  hoUows  by  the  winds  (see  par.  44),  we  have  many 
examples  in  the  "  links  "  of  Scotland  and  the  "  sand-downs  " 
or  "  dunes  "  of  England.  The  superficial  or  blown  portion  is 
chiefly  composed  of  fine  sand  and  comminuted  shells,  with 
occasional  bands  of  decomposed  vegetation  or  soil ;  but  as  we 
descend  (and  wells  have  been  sunk  to  90  and  120  feet  in 
them)  we  find  stratiform  layers  of  shells,  gravel,  shingle,  and 
other  littoral  accumulations.  Of  those  recently-formed  sand- 
drifts,  thousands  of  acres  lie  waste  and  worthless  (Morayshire, 
between  the  Tay  and  Eden  in  Fife,  between  Donegal  and 
Sligo  Bay  in  Ireland,  in  the  Bay  of  Biscay  near  the  G^ironne, 
and  along  the  coasts  of  Jutland) ;  but  of  the  older  and  more 
inland  portions  large  tracts  have  been  reclaimed,  and  their 
distinctive  features  obliterated  by  the  plough.  Many  of  these 
sandy  tracts  are  no  doubt  the  result  of  ordinary  silting  opera- 
tions, though  some  would  seem  to  indicate  a  gradual  uprise  of 
the  land  from  the  waters  of  the  ocean.  The  organic  remains 
in  the  superficial  or  drift  portion  are  partly  terrestrial  and 
partly  marine  (the  shells  of  the  helix  occurring  with  those  of 
the  cockle,  mussel,  and  novxctra,  the  bones  of  marine  birds  and 
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fishes  with  those  of  land  animals,  and  sea-weeds  along  with 
terrestrial  plants) ;  but  in  the  deeper  strata  the  remains  are 
chiefly  marine,  and,  from  the  incohering  nature  of  the  deposits, 
by  no  means  well  preserved.  Similar  sand-drifts,  but  contain- 
ing the  remains  of  the  plants  and  animals  peculiar  to  the 
regions  in  which  they  occur,  are  to  be  found  in  great  force 
along  the  coasts  of  South  Australia,  the  seaboard  of  Peru  and 
Chill,  where  they  are  known  as  medanos,  the  southern  shores 
of  Brazil,  and,  in  fact,  in  almost  every  country  where  shallow- 
ness of  water  and  set  of  tides  and  waves  are  favourable  to 
their  accumulation. 

360.  Closely  connected  with  sand-drifts,  and  in  fact  only 
differing  from  them  in  being  the  products  of  more  exposed 
and  rocky  coasts,  are  shingle-beaches — those  accumulations  of 
rounded  and  water-worn  stones  which  are  piled  up  on  certain 
parts  of  the  coast  by  the  conjoint  action  of  the  waves  and 
tides.  They  occur  only  along  exposed  districts,  from  which 
the  sand  and  fine  debris  are  swept  onwards  to  the  more 
sheltered  recesses.  The  battering  force  of  the  waves  during 
high  storms  is  so  powerful,  that  masses  of  shingle  are  often 
found  from  6  to  20  feet  above  ordinary  tide-mark — cleaving 
appearances  very  perplexing  to  the  geologist  who  is  un- 
acquainted with  the  force  of  waves,  the  weight  which  stones 
lose  when  immersed  in  water,  and  the  curious  wedge-like 
arrangement  which  takes  place  among  the  individual  pebbles. 
In  addition  to  the  forward  motion  imparted  to  these  beaches 
by  the  waves,  they  are  also  subjected  to  the  lateral  current  of 
the  tides;  and  thus  some  of  them  move  onward  along  the 
coast  with  so  perceptible  a  motion,  that  they  have  been  desig- 
nated travelling  beaches,  like  the  famous  Chesil  Bank  on  the 
Isle  of  Portland.  Partly  owing  to  the  operations  of  ice,  and 
partly  to  the  peculiar  currents  of  the  Arctic  Ocean,  the  shores 
are  there  composed  for  hundreds  of  miles  of  gravel,  shingle, 
and  boulders,  which,  if  consolidated  and  cemented,  would 
rival  the  thickest  conglomerates  of  the  old  red  sandstone 
epoch;  and  though  on  our  own  shores  such  pebble-beaches 
are  necessarily  limited,  no  one  who  has  witnessed  the  pebble, 
or  rather  boulder  ridge  of  Northam  (Devonshire),  can  doubt 
the  power  of  existing  forces  to  produce  the  most  gigantic 
littoral  conglomerates. 

361.  All  along  the  shores  of  the  British  Islands,  as  well 
as  along  the  shores  of  every  other  sea,  there  exists  a  level 
margin,  more  or  less  covered  with  sand  and  gravel.  This 
constitutes  the  existing  beachy  or  sea-margin  \  bwfc  ^^"^^'^^^ 

2  D 
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Tarious  heights,  are  found,  following  the  bays  and  recesses  of 
the  land,  several  similar  margins  or  terraces  known  as  '*  ancient 
or  raised  beaches."  These  give  endence  of  either  elevation 
of  the  land  or  depression  of  the  ocean,  and  point  to  times 
when  sea  and  land  stood  at  these  successive  levels.  Several 
of  these  beaches  are  comparatively  recent — as  the  Chili 
upheave  of  6  feet  in  1822,  and  the  Ullah  Bimd  at  the  mouth 
of  the  Indus  in  181 9 — and  are  obviously  the  results  of  local 
earthquakes  and  volcanic  eruptions.  Others  are  of  more 
ancient  date,  though  still  coming  within  the  historic  period ; 
wlule  most  of  the  higher  terraces  evidently  belong  to  the 
dawn  of  the  present  geological  era.  We  have  several  notable 
examples  along  our  own  coasts  at  heights  about  10,  20,  40, 
and  60  feet  above  the  present  sea -level;  and  sea -shells 
embedded  even  at  greater  heights,  though  some  of  these 
may  be  of  pleistocene  epocL  Similar  beaches  are  also  found 
along  the  coast  of  Greenland  to  the  height  of  500  feet,  on 
that  of  Spitzbergen  from  20  to  200  feet,  on  that  of  Nor- 
way to  the  height  of  200  feet ;  on  the  shores  of  the  Baltic 
from  20  to  ICO  feet,  in  the  Bay  of  Biscay,  along  the  coasts  of 
Spain  and  Portugal,  and  conspicuously  in  many  parts  of  the 
Mediterranean.  In  some  districts  these  terraces  are  covered 
with  sand,  shells,  and  shingle ;  in  other  localities  a  mere  shelf 
or  line  along  a  hillside  (Hke  the  '^  parallel  roads "  of  Glen 
Hoy)  is  all  that  bears  evidence  of  the  former  existence  of  the 
tides  and  waves.  The  remains  found  in  the  gravel  and  sand 
of  these  beaches  are  chiefly  sheUs  belonging  to  the  species  now 
inhabiting  the  ocean  (limpet,  periwinkle,  cockle,  buccinum, 
&c.,  in  Britain),  though  a  careful  examination  detects  varieties 
apparently  extinct.  The  more  elevated  terraces,  like  those  of 
Scotland,  Scandinavia,  and  Greenland,  are  evidently  of  great 
antiquity,  and  where  they  occupy  wide  expanses  in  ancient 
firths  and  bays,  are  apt  to  be  mistaken  by  the  superficial 
observer  for  true  diluvial  or  even  tertiary  gravels. 

["The  opportunity  which  T  had  to-day  (23d  March  1855)  of  comparing 
the  terrace  and  boulder  lines  of  Mary  River  and  Charlotte  Wood  Fiord,  en- 
ables me  to  assert  positively  the  interesting  fact  of  a  secular  elevation  of  the 
crust,  commencing  as  yet  at  some  undetermined  point  north  of  76°,  and 
continuing  to  the  Great  Glacier  and  the  high  northern  latitudes  of  Grinnell 
Land.  This  elevation,  as  connected  with  the  equally  well  sustained  de- 
pression of  the  Greenland  coast  south  of  Eingatook,  is  in  interesting  keep- 
ing with  the  same  undulating  alternation  on  the  Scandinavian  side.  Cer- 
tainly there  seems  to  be  in  the  localities  of  these  elevated  and  depressed 
areas  a  systematic  compensation.  I  counted  to-day  forty-one  distinct  ledges 
or  shelves  of  terrace  em\)racod  \>et^Cienour  water-line  and  the  syenitic  ridges 
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through  which  Mary  River  forces  itself.  These  shelves,  though  sometimes 
merged  into  each  other,  presented  distinct  and  recognisable  embankments 
or  escarps  of  elevation.  Their  surfaces  were  at  a  nearly  imiform  inclination 
of  descent  of  5  degrees,  and  their  breadth  either  12,  24,  36,  or  some  other 
multiple  of  twelve  paces.  This  imposing  series  of  ledges  carried  you  in 
forty-one  gigantic  steps  to  an  elevation  of  480  feet ;  and  as  the  first  rudi- 
ments of  these  ancient  beaches  left  the  granites  which  had  once  formed  the 
barrier  sea-coast,  you  could  trace  the  passing  from  drift-strewn  rocky 
barricades  to  clearly-defined  and  gracefully-curved  shelves  of  shingle  and 
pebbles.  I  have  studies  of  these  terraced  beaches  at  various  points  on  the 
northern  coast  of  Greenland.  They  are  more  imposing  and  on  a  larger 
scale  than  those  of  Wellington  Channel,  which  are  now  regarded  by  geo- 
logfists  as  indicative  of  secular  uplift  of  coast.  As  these  strange  structures 
wound  in  long  spirals  around  the  headlands  of  the  fiords,  they  reminded 
me  of  the  parallel  roads  of  Glen  Roy — a  6omparison  which  I  make  rather 
from  general  resemblance  than  ascertained  analogies  of  causes.*' — Kane's 
Arctic  Explorations,  it  81,  82.] 

362.  With  regard  to  "submarine  forests,"  which  have  re- 
ceived considerable  attention  from  local  observers,  we  need 
only  remark,  that  as  raised  beaches  seem  to  point  to  successive 
elevations  of  the  land,  so  do  these  so-called  forests  give  evi- 
dence of  similar  depressions.     A  zone  of  such  submerged 
forests  occur  at  the  same  level  all  along  our  coasts,  and  may 
be  seen  in  some  of  the  bays  of  Shetland,  in  the  Firths  of  Forth, 
the  Eden,  and  Tay,  between  the  Tyne  and  Wear,  at  Hartle- 
pool near  the  mouth  of  the  Tees,  at  Hull  on  the  Humber,  in 
the  embouchure  of  the  Mersey,  at  Bournemouth  in  Hampshire, 
along  the  low  parts  of  the  southern  coast  of  Devonshire,  at 
Morecambe  Bay,  at  Glasson  on  the  Solway,  in   Stomoway 
Bay  in  the  island  of  Lewis,  and  various  other  stations.     In 
general,  these  submarine  forests  consist  of  a  bed  of  peat  or 
semi-lignite  from  two  to  six  feet  in  thickness,  abounding  in 
roots  and  trunks  of  trees  in  the  lower  portion,  and  in  mosses 
and  aquatic  plants  in  the  upper  and  lighter-coloured  portion. 
The  trees  are  chiefly  oaks  (often  of  great  dimensions),  Scotch 
firs,  alders,  birches,  hazels,  and  willows ;  and  throughout  are 
embedded  hazel-nuts,  seeds  of  various  plants,  and  the  wing- 
cases  of  insects.     The  forests  rest  for  the  most  part  on  dark- 
blue  unctuous  clay,  and  are  overlaid  by  from  twelve  to  twenty 
feet  of  marine  silts  and  sands, — ^thus  showing,  first,  that  the 
forest-growth  had  been  formed  at  a  higher  elevation  than  the 
present  seaboard;  second,  that  after  its  formation  and  con- 
solidation into  peat,  it  had  been  submerged  and  overlaid  by 
the  sea-silts  and  sands ;  and,  thirdly,  that  after  being  covered 
by  these  silts,  it  had  been  re-elevated  to  \\»  eia&\lYft%  Vs^<^- 
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These  submarin'e  forest-growths  also  imply  not  only  a  greater 
extension  of  the  British  Islands  than  at  present,  for  they 
stretch  away  to  an  unknown  extent  beneath  the  sea,  but,  from 
the  great  size  of  their  trees  and  the  nature  of  the  embedded 
insects,  the  existence  of  a  somewhat  warmer  climate  between 
the  present  day  and  the  boulder-clay  epoch. 


Chemical  Deposits. 

363.  Under  this  head  we  have  classed  all  deposits  ansing 
from  calcareous  and  silicious  springs,  all  saline  incrustations 
and  precipitates,  and  all  bituminous  or  asphaltic  exudations. 
The  most  frequent  deposits  of  a  calcareous  nature  are  calc- 
tuff  and  calc-sinter,  stalagmites  and  stalactites,  and  travertine. 
Calc-tuff,  as  the  name  implies,  is  an  open,  porous,  and  some- 
what earthy  deposition  of  carbonate  of  lime  from  calcareous 
springs,  and  is  found  in  considerable  masses  or  incrustations 
enclosing  fragments  of  plants,  bones,  shells,  and  other  organ- 
isms. Calc-sinter,  from  the  German  word  sintem,  to  drop,  is 
of  similar  origin,  but  more  compact  and  crystalline,  and  has  a 
concretionary  structure,  owing  to  the  successive  films  which 
are  drop  by  drop  added  to  the  mass.  Stalagmites  and  stal- 
actites  (already  noticed  in  par.  61)  are  often  of  considerable 
magnitude  in  limestone  caverns,  and  are  here  noticed  as  fre- 
quently enclosing  the  bones  and  skeletons  of  animals  found  in 
these  caverns.  Travertine  (a  corruption  of  the  word  Tibur- 
tinus)  is  another  calcareous  incrustation,  deposited  by  water 
holding  carbonate  of  lime  in  solution.  /  It  is  abundantly 
formed  by  the  river  Anio  at  Tibur,  near  Home;  at  San 
Vignone  in  Tuscany,  and  in  other  parts  of  Italy.  It  collects 
with  great  rapidity,  and  becomes  sufficiently  hard  in  course  of 
a  few  years  to  form  a  light  durable  building-stone.  "  A  hard 
stratum,"  says  Lyell,  "  about  a  foot  in  thickness,  is  obtained 
from  the  waters  of  San  Filippo  in  four  months ;  and  as  the 
springs  are  powerful,  and  almost  uniform  in  the  quantity 
given  out,  we  are  at  no  loss  to  comprehend  the  magnitude  of 
the  mass  which  descends  the  hill,  which  is  a  mile  and  a 
quarter  in  length,  and  the  third  of  a  mUe  in  breadth,  in  some 
places  attaining  a  thickness  of  250  feet  To  what  length  it 
might  have  reached  it  is  impossible  to  conjecture,  as  it  is  cot 
off  by  a  stream  which  carries  the  remainder  of  the  calcareous 
matter  to  the  sea."  Travertine  is  a  light,  porous,  or  concre- 
tionary rock,  well  ada^t^^i  icyt  axdvaa  and  other  structures 
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where  weight  is  objectionable ;  it  is  for  this  reason  that  it  has 
been  used  in  the  construction  of  the  cupola  of  St  Peter's. 

364.  As  with  deposits  from  calcareous,  so  with  deposits 
from  silicious  springs — these  forming  silicious  tufa  and  sinter 
in  considerable  masses,  as  at  the  hot  springs  or  Geysers  of 
Iceland  (where  it  fills  fissures  12  and  14  feet  in  width,  and 
constitutes  the  mass  of  the  basin-shaped  mounds  from  which 
the  springs  are  discharged  to  the  height  of  from  10  to  40  feet), 
the  Azores,  the  Sierra  Nevada,  New  Zealand,  and  other  re- 
gions of  existing  or  recent  volcanic  action.  According  to  Dr 
Webster,  the  hot  springs  of  the  Valle  das  Furnas,  in  the  island 
of  St  Michael,  rise  through  volcanic  rocks,  and  precipitate 
considerable  quantities  of  silicious  sinter.  Around  the  cir- 
cular basin  of  the  largest  spring  there  are  seen  alternate  layers 
of  coarse  sinter  mixed  with  clay,  including  grasses,  ferns, 
reeds,  &c.,  in  different  states  of  petrifaction.  Wherever  the 
water  has  flowed,  sinter  is  found  rising  8  or  10  inches  above 
the  ordinary  level  of  the  stream.  The  herbage  and  leaves  are 
more  or  less  incrusted  with  silex,  and  exhibit  all  the  succes- 
sive stages  of  petrifaction,  from  the  soft  state  to  a  complete 
conversion  into  stone ;  but  in  some  instances  alumina  is  the 
mineralising  material.  Fragments  of  wood,  and  one  entire 
bed,  from  3  to  5  feet  in  depth,  composed  of  reeds  common  to 
the  island,  have  become  wholly  silicified ;  and  a  breccia  is  also 
in  act  of  formation,  composed  of  obsidian,  scoriae,  and  pumice, 
cemented  by  silicious  sinter.  Indeed  all  our  modern  breccias 
— that  is,  consolidated  sands,  gravels,  shell,  coral,  and  shingle- 
beaches — ^are  cemented  and  held  together  by  calcareous  or 
silicious  infiltrations ;  and  in  this  way  extensive  beds,  like  the 
coral-stone  of  the  Pacific,  the  limestones  of  Guadaloupe,  and 
the  breccias  of  Ascension,  have  been  forming  from  time  im- 
memorial, and  contain  the  petrified  remains  of  shells,  fishes, 
turtles'  eggs,  bones  of  sea-birds  and  land-mammalia,  and  even 
skeletons  of  man  himself. 

365.  In  hot  countries,  incrustations  of  common  salt,  nitrates 
of  soda  and  potash,  and  other  saline  compounds,  are  formed 
during  the  dry  season  in  the  basins  of  evaporated  lakes,  in 
deserted  river-courses,  and  in  shallow  creeks  of  the  sea  (par. 
62).  These  incrustations  go  on  from  year  to  year,  and  in 
course  of  time  acquire  considerable  thickness,  or  are  overlaid 
by  sedimentary  matter,  and  there  exhibit  alternations  like  the 
older  formations.  Such  deposits  are  common  in  the  sandy 
tracts  of  Africa,  in  the  salinas  or  old  sea-reaches  of  South. 
America,  which  furnish  most  of  the  iatiaX.e^  ^i  ^iWtDCccifcx^^^ 
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along  the  coasts  of  India,  in  the  salt-lakes  of  Central  Asia, 
the  borax  lagoons  of  Northern  Italy  and  California,  and  the 
sal-ammoniac  valley-tracts  of  Persia,  Turkestan,  and  Thibet. 
Sal-ammoniac,  like  sulphur,  is  also  a  product  of  modem 
volcanoes ;  and  both  occur  in  combination  with  clay  and 
other  earthy  matter  (pars.  6i  and  126)  in  deposits  of  con- 
siderable extent  in  Sicily,  Iceland,  West  Indies,  and  other 
volcanic  regions. 

[The  most  important  (commercially  speaking)  of  the  saline  deposits  are 
those  of  Iquique  in  Peru.  From  six  to  fourteen  leagues  from  the  coast,  and 
running  parallel  with  it  through  the  province,  at  an  elevation  of  3000  feet 
or  thereabouts,  is  the  Pampa  of  TaramugaL  This  plain  or  pampa  has  evi- 
dently been  a  sea-lake,  and  in  all  likelihood  the  result  of  elevation  by  vol- 
canic agency.  There  are  other  minor  terraces  or  old  sea-flats  between  the 
main  pampa  and  the  sea,  but  that  of  Taramugal  is  the  most  important  and 
productive.  It  consists  in  some  parts  of  many  feet  in  thickness  of  sand 
indurated  with  salt,  soft  sand  with  crystals  of  nitrate,  aiid  true  caleches  of 
concreted  nitrate  of  soda  and  stony  debris.  The  other  salts  found  in  the 
deposits  are  chloride  of  sodium  (common  salt),  biborates  of  lime  and  soda, 
sulphates  of  lime  and  soda,  magnesian  alum,  &c.  Iodine  also  exists  with 
the  nitrate,  and  throughout  the  calticheros  traces  of  boracic  acid  have  been 
found  in  the  water— the  whole  pointing  unmistakably  to  the  marine  origin 

of  the  deposits. Mr  Shaw,  in  his  recent  travels  in  Tartary,  rode  throu^ 

desiccated  lake-sites  covered  with  a  thin  crust  of  sandy  soil,  but  consisting 
beneath  of  beds  of  common  salt,  salts  of  soda  and  potash,  varying  from 
I  to  3  feet  in  depth,  and  often  of  almost  transparent  purity.] 

366.  With  respect  to  springs  and  exudations  of  petroleum, 
asphalt,  and  the  like,  it  may  be  remarked  that  they  are  too 
limited  and  scanty  to  produce  any  sensible  effect  on  the  bulk 
of  the  rocky  crust,  and  are  principally  of  geological  import- 
ance as  throwing  light  on  analogous  products  of  earlier  date. 
Occasionally,  like  the  petroleum  springs  of  the  Irawaddi 
(which  yield  annually  600,000  hogsheads),  the  Caspian  (which 
discharge  many  hundred  pounds  daily),  and  the  Tigris,  they 
impregnate  the  soil  and  gravel  for  many  leagues  in  their 
course;  like  the  pitch-lakes  of  Trinidad,  Barbadoes,  and 
Texas,  they  sometimes  constitute  pure  and  independent 
deposits ;  while  not  unfrequently,  like  those  of  Bastenne  in 
France,  Seyssel,  Val  de  Travers  in  Switzerland,  and  Val  de 
Piscara  in  Southern  Italy,  the  asphalt  is  intimately  blended 
with  calcareous  matter,  forming  solid  irregular  masses  of 
which  the  hills  from  whence  it  is  quarried  consist. 


OKGANIC  ACCUMULATIONS. 


Organic  AceumuUtioi 


I '367.  Organic  accumulations,  as  depending  on  the  agencies 
escribed  iu  pars,  56-59,  consist  either  of  vegetable  or  of 
animal  remains,  or  of  an  intimate  admixture  of  both.  The 
moat  important  of  those  resulting  from  vegetable  geowth 
are  peat-moaaes,  jungle-awampa,  drift-rafts,  and  aubmerged 
forests.  Peat,  which  is  a  product  of  cold  or  temperate  regions, 
ariacs  chiefly  from  the  annual  growth  and  decay  of  marsh 
plants — reeds,  rushes,  equiaetuma,  grasaea,  apliagnums,  con- 
fervffi,  and  the  like,  being  the  main  contributors  to  the  mass, 
which  in  process  of  time  becomes  crowned  and  augmented  by 
the  presence  of  heath  and  other  shrubby  vegetation.  Peat^ 
moBS  has  a.  tendency  to  accumulate  in  all  swampa  and  hollows; 
and  wherever  stagnant  water  prevails,  there  it  iucreases,  filling 
up  lakes,  choking  up  river-courses,  entombing  fallen  forests, 
and  spreading  over  every  surface  having  moisture  sufficient  to 
cherish  its  growth.  It  occupies  considerable  areas  in  Scot- 
land and  England,  though  rapidly  disappearing  before  drain- 
age and  the  plough ;  but  it  still  covers  a  wide  extent  of 
surface  iu  Ireland.  It  is  found  largely  in  the  Netherlands, 
in  Russia  and  Finland,  in  North  America,  Canada,  and 
Siberia,  and  in  insular  positiona,  aa  Shetland,  Orkney,  and 
the  Falkland  Islands.  Of  the  absolute  surface  occupied  by 
peat,  we  have  no  accurate  estimate ;  but  some  idea  of  the 
geological  importance  of  the  formation  may  be  formed  from 
the  fact,  that  one  of  the  mosses  on  the  Shannon  ia  fifty  miles 
long  and  from  two  to  three  in  breadth,  while  the  great  marsh 
of  Montoire,  near  the  mouth  of  the  Loire,  is  not  less  thaa 
fifty  leagues  in  circumference.  Some  of  the  Scottish  mosses 
have  been  dug  for  fuel  to  the  depth  of  twenty  feet,  and  many 
in  Ireland  and  Holland  are  reckoned  at  twice  that  thickness. 
In  the  surveyed  portion  of  Canada  it  is  estimated  as  covering 
upwards  of  300  square  milea,  and  in  some  iuatancea  not  leas 
than  30  feet  in  depth.  It  occurs  in  all  stages  of  consolidation, 
from  the  loose  fibrous  "  turf  "  of  the  previous  summer,  to  the 
compact  lignite-looking  "peat"  formed  thousands  of  years 
ago.  It  has  been  attempted  to  classify  peat  as  ttirf,  hill-peat, 
bog-peat,  &c.,  according  to  the  situations  in  which  it  occurs, 
or  according  to  ita  texture  and  composition  as  fibrous,  papy- 
raceous, earth)/,  and  piciform;  but  seeing  that  the  whole  ia  so 
irregularly  and  intimately  blended,  such  distinctions  are  of 
little  practical  value.     Besides  the  peculiar  plants  which  con- 
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stitute  the  mass,  peat-mosses  contain  the  trunks  of  the  oak, 
pine,  birch,  alder,  hazel,  willow,  and  other  trees,  together 
with  their  seeds,  fruits,  and  cones — ^apparently  the  wrecks  of 
forests  entangled  and  destroyed  by  Uie  accumulation  of  the 
swampy  peat,  prostrated  by  storms,  or  felled  by  the  hand  of 
man.  And,  what  is  deserving  of  special  notice,  the  trunks  of 
many  of  those  trees  are  of  most  gigantic  dimensions,  in  dis- 
tricts where  now  the  same  species  struggle  on  for  a  stunted 
and  dwarfish  existence.  Bones  and  horns  of  the  Irish  elk, 
stag,  ox,  and  other  animals,  are  found  in  most  of  our  British 
mosses,  with  occasional  remains  of  human  art,  as  canoes, 
stone  axes,  querns,  flint  arrow-heads,  &c.,  of  the  British  stone 
period ;  Roman  weapons  and  coins  that  date  to  the  first  in- 
vasion of  the  island  by  the  legions  of  Caesar;  and  not  un- 
frequently  the  skeleton  of  man  himself.  Some  of  these 
fossils  are  comparatively  modem ;  others  point  to  a  period 
apparently  coeval  with  the  dawn  of  the  human  race. 

368.  As  with  peat-mosses  in  temperate  latitudes,  so  with 
the  jungle-growth  of  tropical  deltas,  as  those  of  the  Niger, 
Ganges,  and  Amazon ;  so  with  the  sudd,  or  annual  decay  of 
those  gigantic  grasses,  which  chokes  up  the  rivers  and  shallow 
lakes  of  equatorial  Africa ;  so  with  the  cypress-swamps  of  the 
United  States, — the  "Great  Dismal,"  for  example,  which  is 
forty  miles  in  length  by  twenty-five  in  breadth,  and  entirely 
composed  of  the  decay  of  cypresses,  with  their  undergrowths 
of  ferns,  reeds,  rushes,  and  marsh  shrubs ;  and  so  also  with 
the  pine-rafts  and  vegetable  debris  bonie  down  by  such  rivers 
as  the  Mackenzie,  Mississippi,  &c.,  and  entombed  in  the  lakes 
that  lie  in  their  course,  or  amid  the  silt  of  their  estuaries. 
All  are  adding  to  the  solid  structure  of  the  globe,  and  forming 
beds,  small  it  may  be  in  comparison,  but  still  analogous  to  the 
lignites  of  the  tertiary,  and  the  coals  of  the  carboniferous  era. 
Speaking  of  the  Canadian  lakes  and  rivers,  many  of  which 
annually  receive  vast  quantities  of  drift  timber,  Dr  Kichard- 
son  remarks :  "  As  the  trees  retain  their  roots,  which  are  often 
loaded  with  earth  and  stones,  they  readily  sink,  especially 
when  water-soaked;  and  accumulating  in  the  eddies,  form 
shoals,  which  ultimately  augment  into  islands.  A  thicket  of 
small  willows  covers  the  new-formed  islands  as  soon  as  they 
appear  above  water,  and  their  fibrous  roots  serve  to  bind  the 
whole  firmly  together.  Sections  of  these  islands  are  annually 
made  by  the  river,  assisted  by  the  frost ;  and  it  is  interesting 
to  study  the  diversity  of  appearances  they  present,  according 
to  their  different  agea.    T^^  \,tvjlT&l&  q1  the  trees  gradually 
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decay  until  they  are  converted  into  a  blackish-brown  sub- 
stance resembling  peat,  but  which  still  retains  more  or  less 
the  structure  of  the  wood ;  and  layers  of  this  often  alternate 
with  layers  of  clay  and  sand,  the  whole  being  penetrated,  to 
the  depth  of  four  or  five  yards,  by  the  long  fibrous  roots  of 
the  willows.  A  deposition  of  this  kind,  with  the  aid  of  a 
little  infiltration  of  bituminous  matter,  would  produce  an 
excellent  imitation  of  coal.  It  was  in  the  rivers  only  that  we 
could  observe  sections  of  these  deposits ;  but  the  same  opera- 
tion goes  on  on  a  much  more  magnificent  scale  in  the  lakes. 
A  shoal  of  many  miles  in  extent  is  formed  on  the  south  side 
of  Athabasca  Lake,  by  the  drift  timber  and  vegetable  debris 
brought  down  by  the  Elk  River ;  and  the  Slave  Lake  itself 
must  in  process  of  time  be  filled  up  by  the  matters  daily  con- 
veyed into  it  by  Slave  Eiver." 

369.  Accumulations  resulting  from  animal  agency  are 
universal  and  varied  :  but  those  of  any  appreciable  magnitude 
are  chiefly  coral-reefs,  serpula-reefs,  shell-beds,  and  infusorial 
deposits.     The  nature  and  growth  of  the  coral  zoophyte  has 
been  already  alluded  to  in  par.  59,  and  we  need  here  only 
observe  the  extent  of  its  distribution  in  the  Pacific,  Indian, 
and  Southern  Oceans.     Viewing  a  coral-reef  as  essentially 
composed  of  coral  structure,  with  intermixtures  of  drift-coral, 
shells,  sand,  and  other  marine  debris,  we  find  such  masses 
studding  the  Pacific  on  both  sides  of  the  equator,  to  the 
thirtieth  degree  of  latitude ;  abounding  in  the  southern  part 
of  the  Indian  Ocean ;  trending  for  hundreds  of  miles  along 
the  north-east  coast  of  Australia ;  and  occurring  less  or  more 
plentifully  in  the  Persian,  Arabian,  Red,  and  Mediterranean 
Seas.     In  the  Pacific,  where  volcanic  agency  is  actively  up- 
heaving and  submerging,  coral-reefs  are  found  forming  low 
circular  islands,  enclosing  lagoons  (atolhy  or  lagomi-islands), 
surrounding  islands  of  igneous  and  other  origin  {fringing  or 
shore  reefs)^  crowning  others  already  upheaved  {coral  ledges), 
or  stretching  along  shore  in  surf-beaten  ridges  {the  true  harrier, 
or  encircling  reef)  of  many  leagues  in  length,  and  from  twenty 
to  more  than  two  hundred  feet  in  thickness.     Regarding  them 
as  mainly  composed  of  coral,  and  knowing  that  the  zoophytes 
can  only  add  on  an  average  little  more  than  a  foot  to  the 
structure  during  a  century,  many  of  these  reefs  must  have 
been  commenced  before  the  dawn  of  the  present  epoch ;  and 
looking  upon  them  p.s  consisting  essentially  of  carbonate  of 
lime,  we  have  calcareous  accumulations  rivalling  in  magnitude 
the  limestones  of  the  secondaiy  formatioiia.    Ca?g\aAXi'§\vxA^^w^ 
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describes  the  great  reef  which  follows  tbe  line  of  the  north- 
east coast  of  New  Holland  as  more  than  looo  miles  in  length, 
in  couise  of  which  there  ia  one  continued  portion,  exceeding 
350  miles,  without  a  break  or  passage  through  it.     The  thick- 


ness of  the  mass  is  variable — in  some  instances  less  than 
twenty  feet,  and  in  others  more  than  a  hundred. 

370.  The  composition  and  construction  of  coral-reefs  (which 
have  necessarily  received  a  vast  amount  of  minute  attention 
from  our  scientific  voyagers),  though  effected  chiefly  by  lime- 
secreting  zoophytes,  seem  owing,  in  some  measure,  to  the  pro- 
miscuous aggregation  of  marine  debris.  As  produced  by  the 
zoophyte,  coral  ia  almost  a  pure  carbonate  of  lime,  soft  and 
porous  at  first,  but  gradually  becoming  so  hard  and  compact 
aa  to  be  used  in  the  South  Sea  Islands  for  burli^ing.  During 
its  formation,  however,  it  encloses  shells,  fragments  of  drift- 
coral,  sea-weeds,  sponges,  star-fishes,  sea-urchins,  drift-wood, 
and  the  like ;  and  these  being  cemented  in  one  mass  by  the 
growth  of  new  coral,  the  drift  of  coral-sand,  and  the  infiltra- 
tion of  carbonate  of  iime  from  decomposed  coral,  the  rock 
presents  a  brecciated  appearance  extremely  analogous  to  somo 
older  limestones.  Again,  the  sediment  deposited  in  the 
lagoons  and  sheltered  water-channels,  and  which  arises  from 
the  decomposition  and  trituration  of  the  coral,  and  from  the 
raspings  and  droppings  of  the  animals  which  bore  into  or 
browse  upon  it,  produces  when  dried  and  consolidated  a  sub- 
stance scarcely  distinguishable  from  some  earthy  varieties  of 
chalk.  Further,  where  reefs  have  been  upheaved  hj  sub- 
terranean i^ency,  as  the  strata  of  fossil  coral  on  the  hills  of 
Tahiti,  or  enveloped  in  volcanic  tufas,  aa  in  the  Isle  of  France  1 
where  a  bed  ten  feet  thick  occurs  between  two  lava  current^  1 
the  "coral-stone"  baa  a  e'pa.Tr^  cr^AalSine  asyect — thus  pre- 
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senting  the  geologist  with  almost  every  gradation  of  lime- 
stone, from  the  soft  chalky  mass  of  yesterday's  secretion  to 
the  compact  texture  of  saccharoid  marble. 

["  The  fragments  of  coral,"  says  Mr  Darwin,  when  describing  Keeling 
Atoll,  "which  are  occcasionally  cast  on  the  'flat,'  are,  during  gales  of  un- 
usual violence,  swept  together  on  the  beach,  where  the  waves  each  day  at 
high  water  tend  to  remove  and  gradually  wear  them  down ;  but  the  lower 
fragments,  having  become  firmly  cemented  together  by  the  percolation  of 
calcareous  matter,  resist  the  daily  tides  longer,  and  hence  project  as  a  ledge. 
The  cemented  mass  is  generally  of  a  white  colour,  but  in  some  few  parts 
reddish  from  ferruginous  matter :  it  is  very  hard,  and  is  sonorous  under  the 
hammer :  it  is  obscurely  divided  by  seams,  dipping  at  a  small  angle  sea- 
ward :  it  consists  of  fragments  of  the  corals  which  grow  on  the  outer  mai^in, 
some  quite,  and  others  partially  rounded,  some  small,  and  others  between 
two  and  three  feet  across ;  and  of  masses  of  previously-formed  conglomerate, 
torn  up,  rounded,  and  re-cemented ;  or  it  consists  of  calcareous  sandstone, 
entirely  composed  of  rounded  particles,  generally  almost  blended  together, 
of  shells,  corals,  the  spines  of  echini,  and  other  such  organic  bodies. 
Bocks  of  this  latter  kind  occur  on  many  shores  where  there  are  no  coral- 
reefs.  The  structure  of  the  coral  in  the  conglomerate  has  generally  been 
much  obscured  by  the  infiltration  of  spathose  calcareous  matter,  and  I  col- 
lected a  very  interesting  series,  beginning  with  fragments  of  unaltered 
coral,  and  ending  with  others  where  it  was  impossible  to  discover  with  the 
naked  eye  any  trace  of  organic  structure."] 

371.  Shell-beds f  like  those  formed  by  the  oyster,  cockle, 
mussel,  and  other  gregarious  molluscs,  are  found  in  the  seas  and 
estuaries  of  every  region,  often  spread  over  areas  of  consider- 
able extent,  and  of  several  feet  in  thickness.  Drifted  shells 
are  also  accumulated  on  certain  coasts  in  vast  quantities, 
being  piled  up  in  ridges  miles  in  length  and  many  feet  in 
thickness,  as  in  Ceylon,  where  the  rejected  pearl-mussel  forms 
a  bank  nearly  20  miles  in  length  by  5  feet  in  depth ;  and 
shell-sand,  entirely  composed  of  comminuted  shells,  is  strewn 
for  leagues  along  the  shores  of  every  existing  sea.  In  fact, 
when  we  consider  the  myriads  of  testacea  that  throng  the 
waters  of  the  ocean,  the  rapidity  with  which  they  propa- 
gate their  kind,  and  the  indestructible  nature  of  their  shells, 
we  are  compelled  to  admit  their  accumulations  to  a  place  in 
the  present  epoch  as  important  as  that  which  they  held  in 
any  of  the  earlier  eras.  Occasionally  the  drifted  shells  and 
sheU-sand  of  existing  coasts  are  cemented  iQto  a  compact 
durable  breccia  (littoral  c(mglomerate,  as  it  is  sometimes 
termed)  by  the  infiltration  of  calcareous  matter  resulting  from 
their  own  decomposition;  in  many  of  our  raised  beaches, 
shell-beds  several  feet  in  thickness  constitute  a  prominent 
feature ;  and  could  we  lay  bare  the  bottom  ol  Taa^w^  ^^"^s^  ^s^^ 
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estuaries,  shell-beds  entombed  in  situ  would  be  discovered 
rivalling  in  magnitude  the  shelly  limestones  of  the  stratified 
systems.  As  the  range  of  the  testacea,  both  in  point  of  depth 
and  geographical  latitude,  is  now  pretty  well  known  to  the 
zoologist,  the  shell-beds  become  important  indices  not  only  to 
any  change  of  climate,  but  to  any  elevation  or  depression  of 
sea-bottom  that  may  have  taken  place  in  the  regions  where 
they  now  occur. 

372.  In  treating  of  the  chalk  and  tertiary  strata,  we  saw 
what  an  important  part  had  been  played  in  the  formation  of 
certain  beds  by  minute  f oraminif era ;  and  so  far  as  the 
researches  of  microscopists  have  gone,  it  would  appear  that 
the  same  minute  agencies  are  still  at  work  in  the  silt  of  our 
lakes  and  estuaries,  and  in  the  shoals  of  our  seas.  What  the 
eye  regards  as  mere  mud  and  clay,  is  found,  under  the  lens 
of  the  microscope,  to  consist  of  countless  myriads  of  the 
shields  or  shells  of  foraminifera — a  discovery  whose  limits 
will  be  further  extended  as  the  microscope  becomes,  as  it 
soon  must  be,  the  inseparable  companion  of  the  geological 
inquirer.  It  has  been  ascertained  by  Ehrenberg,  for  example, 
that  infusorial  accumulations  are  now  choking  up  the  harbour 
of  Wismar  in  the  Baltic ;  that  similar  formations  are  effecting 
changes  in  the  bed  of  the  Nile  at  Dongola  in  Nubia,  and  in 
the  Elbe  at  Cuxhaven ;  and  that  many  of  our  ochraceous  bog- 
iron  ores  consist  chiefly  of  the  silicio-ferruginous  shields  of 
these  minute  and  myriad  animalcules.  The  herg-moM  (moun- 
tain-meal) of  Iceland  and  Lapland,  the  "edible  clay"  of 
Brazil,  and  the  "  white  earth "  of  the  American  Indians,  are 
evidently  of  the  same  nature — ^and  these  are  spread  over  many 
miles  in  extent  and  several  feet  in  thickness.  According  to 
Pictet,  6000  shells  of  foraminifera  have  been  counted  in  an 
ounce  of  sand  from  the  shores  of  the  Adriatic ;  D'Orbigny 
found  3,840,000  in  the  same  quantity  from  the  shores  of  the 
Antilles;  and  every  cast  of  the  sounding-lead,  alike  in  the 
Atlantic,  Pacific,  and  Australian  seas,  brought  up  thousands 
to  the  naturalists  of  the  United  States  Exploring  Expedition. 
Nay,  it  has  been  shown,  by  still  more  recent  soundings,  that 
calcareous  ooze  or  marls,  rich  in  polythalanwus  (many-cham- 
bered)/oraw^»^fera,  polydstins,  diatoms,  and  spongiolites,  form 
the  bed  of  the  Gulf  Stream  through  its  whole  course,  as  far 
as  yet  examined,  and  that  the  same  organically-formed  mark 
occur  in  vast  extent  in  the  Gulf  of  Mexico.  Indeed,  from  its 
western  margin  almost  completely  across  the  Atlantic  (we 
quote  Prof.  Bailey),  t\ife  \iftd  oi  tk^  Gulf  Stream  is  marked  by 
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calcareous  organisnis, — thus  indicating  a  formatioa  in  progress 
as  gigantic  aa  any  that  Geology  has  yet  revealed,  and  yet 


[The  calcareous  ooze  of  the  Atlantic  sea-bed  ie  t!iuB  described  b;  Sir 
WyvilleTboniflon, in  liis  volume  on  "The  Depths  of  the  Sea:'  'Theupper 
layer  ia  soft  and  creamy  in  coneiateace,  and  of  a  yellowish  mlour,  while  tha 
main  mass  is  firmer  and  more  tenacions,  of  a  grey  or  bluieh-grey  tint.  Un- 
der the  microscope  tbe  anrface  layer  yjae  found  to  consist  chiefly  of  entire 
shells  of  the  foraminifer,  Qlo/ngfrina  bvlioides,  large  and  small,  and  frag- 
ments of  snch  shells  mixed  with  a  quantity  of  amorphous,  calcareous  mat- 
ter in  line  particles,  a  little  Gue  sand,  and  many  spicules,  portions  of  spic- 
ules, and  shells  of  Radiolaria,  a  few  spicules  of  sponges,  and  a  few  Anetules 
of  diatoms.  Below  the  surface-layer  the  sediment  becomes  gradually  mora 
compact,  and  a  slight  grey  colour,  due  probably  \o  the  decomposing  ot^anic 
matter,  becomes  njore  pronounced,  while  perfect  shells  of  globigerina  almost 
entirely  disappear,  fragments  become  smaller,  and  calcareons  mud,  struc- 
tureless and  in  a  fine  state  of  division,  ia  In  greatly  preponderating  propor- 
tion. One  can  have  no  doubt,  on  examining  the  sediment,  that  it  is  formed 
in  tbe  main  by  the  accumulation  and  disintegration  of  the  shells  of  globi- 
gerina— tha  shells  &esh  and  whole  and  living  in  the  surface-layer  of  the 
deposit,  and  in  the  lower  layers  dead,  and.  gradv\BlVj  cmIC^^1^f,  &(smi.>A^ 
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the  decomposition  of  their  organic  cement,  and  by  the  pressure  of  the  layers 
above — an  animal  formation,  in  fact,  being  formed  very  much  in  the  same  way 
as  in  the  accumulation  of  vegetable  matter  in  a  peat-bog,  by  life  and  growth 
above,  and  death,  retarded  decomposition,  and  compression  beneatk**] 

373.  Although  coral-reefs,  serpula-reefs,  shell-beds,  and  in- 
fusorial deposits  are  the  only  accumulations  of  any  magnitude 
arising  from  animal  agency,  there  are  stUl  some  masses  arising 
from  the  excretiae  and  exuviae  of  the  larger  animals  that  have 
a  curious  interest  both  in  a  lithological  and  palaeontological 
point  of  view.     Thus  the  guano  of  the  Pacific  and  other 
tropical  islets,  so  valuable  as  a  manure,  consists  mainly  of 
the  droppings  of  countless  sea-fowl,  intermingled  with  their 
skeletons  and  eggs,  the  decayed  bodies  and  bones  of  fishes, 
seals,    sea -lions,    and    other    marine    creatures.      Consider- 
ing the  immense  thickness  of  some  guano-deposits  (60,  80, 
and  even  120  feet,  according  to  Dr  Tschudi),  and  their  neces- 
sarily slow  accumulation,  Qie  lower  beds  must  be  of  vast 
antiquity — carrying  us  back  to  the  very  verge  of  the  current 
era.     So  also  of  the  odte  or  Sombrero  gimno,  which  constitutes 
the  whole  of  the  West  India  island  of  that  name.     This  islet, 
nearly  three  miles  in  length,  more  than  half  a  mile  in  width, 
and  from  twenty  to  thirty  feet  high,  is  entirely  composed  of 
the  altered  bones  of  turtles  and  other  marine  vertebrate,,  which 
must  have  accumulated  for  ages  on  some  shoal,  been  cemented 
together  into  a  mass,  and  subsequently  elevated  above  the 
level  of  the  ocean.     The  "Bone-bed"  or  shoal  about  twenty 
miles  eastward  of  the  Faroe  Islands  is  a  similar  deposit,  still 
in  course  of  accumulation,  consisting  for  the  most  part  of 
bones  of  fishes,  seals,  and  other  creatures  that  throng  these 
northern  waters.     Sands  and  gravels  containing  masses  of 
drift  bones,  such  as  the  tusks  and  grinders  of  the  mammoth 
and  elephant,  the  bones  and  teeth  of  the  rhinoceros,  hippopot- 
amus, horse,  bear,  &c.,  and  the  horns  and  bones  of  the  elk, 
stag,  and  wild  ox,  are  common  in  the  valleys  of  Britain,  in 
the  river-plains  of  North  America,  and  in  the  gravel  cliflfs  of 
Siberia  and  the  polar  seas.     These  ossiferous  sands  and  gravels 
are  clearly  later  than  the  glacial  drift,  and  if  not  in  some 
instances  the  retransported  material  of  the  preglacial  ossiferous 
gravels  (par.  329),  are  referable  to  the  period  of  our  earliest 
raised  beaches,  and  to  the  time  when  the  sea  and  land  received 
their  present  configuration. 

374.  To  this  curious  series  of  accumulations  belong  the 
mastodons  found  in  the  bog-marls  of  North  America,  the 
mammoths  of  Siberia  and  the  islands  in  the  polar  seas,  the 
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dinornis  and  other  gigantic  wingless  birds  of  New  Zealand, 
the  epioniia  of  Madagascar,  and  the  elephants,  rhinoceroses, 
flurocna,  Irish  deer,  wild  boars,  and  beavers  of  the  vallej- 
deposits  of  Europe.  And  it  is  just  in  this  palpable  approach 
to  existing  nature  that  we  begin  tu  detect  the  earliest  traces 
of  the  human  species.  First,  and  far  back  among  the  river- 
silts  and  peat-bogs  and  cave-eartha,  we  discover  his  rude  stone 
implements  and  weapons,  his  tree-canoes,  and  the  embers  of 
the  fires  which  he  alone  of  all  animals  can  either  kindle  or 
sustain.  Side  by  side  with  these  remains,  occasionally  lie 
bones  of  the  mammoth,  woolly-haired  rhinoceros,  and  Irish 
deer  (the  valley  of  the  Somme,  Holxne  in  Suffolk,  &c.)  ■  but 
whether  these  may  not  have  been  washed  up,  drifted,  and 
reassorted  from  earlier  deposits,  is  a  question  not  always  easily 
detenninabie.  However  the  question  may  be  ultimately  an- 
swered, one  thing  is  certain,  that  just  as  the  mammoths  and 
mastodons  drop  away,  and  the  horse,  ox,  goat,  and  sheep  begin 
to  spread  over  Europe  in  increasing  numbers,  so  the  traces  of 
primeval  man  become  more  frequent  and  unmistakable.  In 
all  likelihood — nay,  it  is  all  but.  certain,  that  over  the  plains 


and  through  the  forests  of  the'  Old  World  man  hunted  the 
Irish  deer  and  speared  the  mammoth,  just  as  at  a  later  period, 
and  in  the  same  region,  he  lassoed  the  wild  horse  and  im- 
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pounded  the  urns  and  buffalo.  With  regard  to  this  subject, 
however — ^viz.,  the  first  appearance  of  man — much  unneces- 
sary discussion  has  taken  place,  and  a  great  deal  of  imeasy 
tenderness  been  displayed.  Like  other  events  in  geological 
history,  we  have  at  present  no  means  of  assigning  to  it  a 
definite  date  in  years  and  centuries.  The  time  is  merely  re- 
lative, and  all  that  science  can  safely  do  is  to  ascribe  it  to  an 
early,  though  not  to  the  very  earliest,  stages  of  the  pleistocene 
epoch.  The  human  skeletons  found  in  some  Continental 
caverns  and  osseous  breccias,  in  the  river-silts  of  South 
America,  in  the  peat-bogs  of  our  own  island,  and  in  the 
tufaceous  limestone  or  coral-conglomerate  of  Guadaloupe  (with 
the  exception,  perhaps,  of  those  found  embedded  in  the  vol- 
canic breccia  of  Mount  St  Denis  in  central  France — ^a  breccia 
containing  bones  of  elephant,  rhinoceros,  Irish  deer,  &c.), 
are,  geologically  speaking,  but  of  yesterday,  and  date  back  at 
the  utmost  but  a  few  thousand  years.  With  regard  to  Pre- 
historic times,  the  most  intelligible  chronology,  after  all,  is  that 
which  speaks  of  the  successive  ages  of  stone^  bronze^  and  iron 
— or,  more  minutely,  of  palceolithic,  neolithic,  hromey  and  iron 
periods  :  meaning,  by  the  first,  when  man  used  rude  stone  im- 
plements, and  bestowed  little  care  on  their  dressing ;  by  the 
second,  when  he  shaped,  polished,  and  ornamented  them,  thus 
evincing  a  higher  degree  of  skill ;  by  the  third,  when  he  began 
to  separate  the  softer  metals,  copper  and  tin,  from  their  ores, 
and  alloy  them  into  bronze,  a  substance  harder  than  either ; 
and  by  the  fourth,  when  he  had  acquired  that  degree  of  skill 
which  enabled  him  to  extract  the  more  refractory  metal  iron, 
and  shape  it  into  his  use,  either  for  weapon,  implement,  or 
instrument. 

375.  The  deposits  described  in  the  preceding  paragraphs 
are  either  of  vegetable  or  of  animal  origin ;  but  there  is  an 
intimate  admixture  of  both  in  the  soil  or  superficial  covering 
of  the  earth.  Strictly  speaking,  soil  is  an  admixture  of  de- 
composed vegetable  and  animal  matter — the  decay  of  plants, 
and  the  droppings  and  exuviae  of  animals.  Though  generally 
containing  a  large  proportion  of  earthy  ingredients,  its  dark 
loamy  aspect  renders  it  readily  separable  from  the  "  subsoil " 
of  sand,  clay,  or  gravel,  that  lies  beneath.  It  is  of  universal 
occurrence,  no  portion  of  the  earth's  crust  being  uncovered 
with  it,  unless,  perhaps,  the  newly-deposited  debris  on  the 
sea-shore,  the  shifting  sands  of  the  desert,  or  the  snow-clad 
mountain-top.  In  some  places  it  barely  covers  the  flinty  rock, 
in  others  it  is  several  feet  in  thickness  and  evidently  of  great 
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antiquity;  And  everywhere  it  is  annually  on  the  increase, 
partly  from  the  decomposition  of  plants  and  animals,  partly 
from  animal  excreta  and  the  casts  of  the  earth-worm,  and 
partly  fronunew  additions  of  wind  and  water  borne  inorganic 
particles.  It  is  curious  to  observe,  in  sections  of  some  undis- 
turbed soils,  the  various  layers  of  vegetable  humus,  lines  of 
land-shells,  fragments  of  pottery,  and  other  objects  of  human 
art,  and  these  again  succeeded  by  lower  layers  of  roots  and 
vegetable  mould,  traces  of  early  culture,  and,  deeper  than  all, 
fragments  of  bone,  charred  wood,  stray  coins,  stone  hatchets, 
and  flint  arrow-heads — the  whole,  though  only  a  few  feet  of 
"  superficial  soil,"  carrying  us  backward  through  the  lapse,  it 
may  be,  of  more  than  twenty  centuries.  It  is  thus  that  these 
superficial  coverings  of  soil — of  "  ruin  and  rubbish  " — insen- 
sibly interweave  the  chronology  of  the  historian  with  that 
of  the  geologist,  leading  the  one  from  historic  to  prehistoric 
times,  and  the  other  from  prehistoric  traces  of  the  human  race 
downwards  through  fossiliferous  strata  whose  antiquity  ceases 
to  be  registered  by  years,  and  can  be  only  dimly  indicated  by 
the  lapse  of  biological  cycles  and  systems. 


Igneous  or  Volcanic  Accnmulations. 

376.  The  effects  of  igneous  action  in  modifying  the  crust  of 
the  globe  have  been  already  adverted  to  in  pars.  63-66  and 
125-128,  it  having  been  there  shown  that  it  acts  either  as  a 
gradually  elevating  force,  as  a  displacing  and  deranging  force, 
or  as  an  accumulating  agent  by  discharges  of  lava,  scoriae,  dust, 
and  ashes.  Whether  manifesting  itself  in  quiet  upheavals,  in 
earthquakes,  or  in  volcanoes,  its  geological  results  are  of  prime 
importance ;  and  though  the  present  epoch,  as  compared  with 
some  of  the  past,  be  one  of  rest  and  tranquillity,  yet  wide 
regions  of  the  globe  bear  witness  to  extensive  modifications 
even  within  the  history  of  man.  That  such  must  be  the  case, 
the  student  can  readily  convince  himself,  by  casting  his  eye 
over  the  sketch-map  of  "Volcanic  Centres"  given  at  page 
145,  and  there  observing  the  prevalence  of  igneous  phenomena 
in  almost  every  region  of  the  world — Europe,  Asia,  Africa, 
and  America,  the  islands  of  the  Pacific  and  Atlantic,  the  lands 
within  the  Arctic  and  Antarctic  Circles,  being  all  alike  sub- 
jected to  the  disturbing  and  modifying  influences  of  igneous 
action.  In  par.  128  we  detailed  the  leading  lines  of  centres 
of  active  eruption,  and  from  these  we  can  tta^^  ^\i  ^\s\si^^.  ^«^r 

2  E 


434  POST-TERTIABY   SYSTEM. 

broken  gradation  back  tbrougb  the  cinders  and  ashes  that 
entombed  Herculaneum  and  Pompeii  eighteen  hundred  years 
ago,  to  the  tufaceous  trass  of  the  Rhine,  which  was  coeval 
with  the  prehistoric  stone  period  of  our  race,  anjj.  from  these 
to  the  trachytic  lavas  of  Auvergne,  which  began  to  be  ejected 
at  the  dawn  of  the  palaeotherian  tertiaries,  and  closed  with 
the  epoch  of  the  mastodon,  mammoth,  and  elephant  in 
Europe.  As  exponents  of  the  recent  history  of  the  globe, 
volcanic  products  possess  comparatively  little  interest ;  and  it 
is  therefore  chiefly  to  the  effects  they  have  produced  on  the 
relative  level  of  sea  and  land,  the  irregularities  of  surface  they 
have  created,  the  sudden  destruction  of  life  they  occasion,  and 
their  mere  lithological  magnitude,  that  we  here  briefly  direct 
the  student's  attention. 

377.  Volumes  might  be  filled  with  the  records  of  such 
changes :  our  limits  only  permit  of  a  few  instances  under  each 
category,  beginning  with  those  gradual  elevations  and  depres- 
sions which  produce,  in  the  long-run,  extensive  modifications 
in  the  flora  and  fauna  of  a  country.  Since  the  commencement 
of  the  present  century,  the  shores  of  the  Baltic  have  been 
gradually  elevated  from  10  to  14  inches  above  their  former 
level,  and  are  still  apparently  on  the  uprise.  This  movement 
has  been  shown  by  Professor  Keilhau  to  be  the  continuation 
of  a  gradual  elevation  of  the  whole  of  the  Scandinavian  pen- 
insula, which  commenced  long  anterior  to  the  historic  period, 
and  has  attained  in  the  south-east  of  Norway  an  altitude  of 
nearly  600  feet — an  elevation  which  must  have  added  materi- 
ally to  the  rigours  of  its  climate.  Extensive  flats  and  terraces 
along  the  coasts  of  Siberia  give  evidence,  according  to  Von 
Wrangell,  of  a  recent  and  gradual  uprise  of  these  regions; 
and  though  the  shores  of  South  Greenland  would  appear  to  be 
sinking  at  a  slow  uniform  rate,  all  to  the  north  of  76°  lat.  is 
partaking,  according  to  Dr  Kane,  of  a  secular  elevation  of 
great  extent  and  altitude — ^he  having  counted  at  Mary  River 
as  many  as  forty-one  terraces,  making  in  all  a**  height  of  480 
feet.  As  in  the  northern  so  in  the  southern  hemisphere,  and 
in  no  region  so  impressively  as  in  the  southern  portion  of 
South  America,  where  Mr  Darwin  has  traced  elevations  from 
the  deserted  beaches  of  the  present  century  to  terraces  400, 
600,  and  900  feet  above  the  level  of  the  sea.  Such  uprises 
may  not,  however,  be  gradual  but  sudden,  producing  geologi- 
cal results  of  a  very  marvellous  and  instructive  description. 
ThuS;  by  the  great  Chili  earthquake  of  1822,  an  inmiense 


IGNEOUS   ACCUMULATIONS.  435 

tract  of  ground — ^not  less  than  100,000  square  miles — ^was  per- 
manently elevated  from  6  to  10  feet  above  its  former  level ;  and 
part  of  the  bottom  of  the  sea  remained  bare. and  dry  at  high 
water,  "  with  beds  of  oysters,  mussels,  and  other  shells  adher- 
ing to  the  rocks  on  which  they  grew,  the  fish  being  all  dead, 
and  exhaling  most  offensive  effluvia."  By  an  earthquake  in 
18 1 9,  a  tract — the  Ullah  Bund — ^in  the  delta  of  the  Indus, 
extending  nearly  50  miles  in  length  and  16  in  breadth,  was 
upheaved  10  feet ;  while  adjoining  districts  were  depressed, 
and  the  features  of  the  delta  completely  altered. 

[Speaking  of  the  gradual  elevation  of  South  America,  Mr  Darwin  says  : 
"  It  may  be  concluded  that  the  coast  on  the  south-eastern  side  of  the  con- 
tinent, for  the  space  at  least  of  1180  miles,  has  been  elevated  to  a  height 
of  100  feet  in  La  Plata,  and  of  400  feet  in  southern  Patagonia,  within  the 
period  of  existing  shells,  but  not  of  existing  mammifers ;  that  in  La  Plata 
the  elevation  has  been  very  slowly  effected ;  that  in  Patagonia  the  move- 
ment may  have  been  by  considerable  starts,  but  much  more  probably  slow 
and  quiet.  In  either  case  there  have  been  long  intervening  periods  of 
comparative  rest  during  which  the  sea  corroded  deeply  into  the  land. 
That  the  periods  of  denudation  and  elevation  were  contemporaneous  and 
equable  over  great  spaces  of  coast,  is  shown  by  the  equable  heights  of  the 
plains ;  and  that  there  have  been  at  least  eight  periods  of  denudation  [eight 
escarpments  or  ancient  sea-cliffs]  ;  and  that  the  land  up  to  a  height  of  from 
950  to  1200  feet  has  been  similarly  modelled  and  affected."  Again,  speak- 
ing of  the  western  coast,  he  says :  "  We  have  seen  that  upraised  marine 
remains  occifr  at  intervals,  and  in  some  parts  almost  continuously,  from 
lat.  45"  35'  to  12°  S.  along  the  shores  of  the  Pacific.  This  is  a  distance,  in 
a  north  and  south  line,  of  2075  geographical  miles.  Along  this  great  line 
of  coast,  besides  the  organic  remains,  there  are  in  very  many  parts,  marks 
of  erosion,  caves,  ancient  beaches,  sand-dunes,  and  successive  terraces  of 
gravel,  all  above  the  present  level  of  the  sea.  Judging  from  the  upraised 
shells  alone,  the  elevation  in  Chiloe  has  been  350  feet ;  at  Conception  cer- 
tainly 625  feet,  and  by  estimation  1000  feet ;  at  Valparaiso,  1300  feet ;  at 
Coquimbo,  252  feet;  northward  of  this  place  shells  have  not,  I  believe, 
been  found  above  300  feet,  and  at  Lima  they  were  falling  into  decay  at  85 
feet.  Not  only  has  this  amount  of  elevation  taken  place  within  the  period 
of  existing  mollusca  and  cirripedes,  but  their  proportional  numbers  in  the 
existing  sea  have  in  most  cases  remained  the  same."  Further,  as  regards 
the  nature  of  the  elevatory  action,  he  remarks :  "  In  many  parts  of  the 
coast  of  Chili  and  Peru  there  are  marks  of  the  action  of  the  sea  at  succes- 
sive heights  on  the  land,  showing  that  the  elevation  has  been  interrupted 
by  periods  of  comparative  rest  in  the  upward  movement,  and  of  denudation 
in  the  action  of  the  sea.  These  are  plainest  at  Chiloe,  where,  in  the  height 
of  about  500  feet,  there  are  three  escarpments — at  Coquimbo,  where,  in  a 
height  of  364  feet,  there  are  five — at  Guesco,  where  there  are  six — at  Lima, 
where,  in  a  height  of  250  feet,  there  are  three  terraces ;  and  others,  as  it  is  ' 
asserted,  at  considerably  greater  heights.     Seeing  over  how  m&ivY  Wcl^s^^ 

4 


436  POST-TESTIABT  SYSTEM. 

miles  of  the  coast  of  Patagonia,  and  on  how  many  places  on  the  shores  of 
the  Pacific,  the  elevatory  process  has  been  interrupted  by  periods  of  oom- 
paratiye  rest,  we  may  conclude,  conjointly  with  the  evidence  dra¥m  from 
other  quarters  of  the  world,  that  the  elevation  of  the  land  is  generally  an 
intermittent  action.**] 

378.  The  above  are  examples  of  upheaval  on  a  great  scale, 
and  attended  with  comparatively  few  convulsions  or  local  dis- 
placements. The  following  are  of  a  different  order :  In  1692 
the  town  of  Port-Royal  in  Jamaica  was  visited  by  an  earth- 
quake, when  the  whole  island  was  frightfully  convulsed,  and 
about  a  thousand  acres  in  the  vicinity  of  the  town  submerged 
to  the  depth  of  50  feet,  burying  the  inhabitants,  their  houses, 
and  the  shipping  in  the  harbour.  The  disasters  of  the  great 
Lisbon  earthquake  in  1755,  when  the  greater  part  of  that 
city  was  destroyed,  and  sixty  thousand  persons  perished  in 
the  course  of  a  few  minutes,  have  been  repeatedly  recited ;  as 
have  also  those  of  Calabria,  which  lasted  nearly  four  years — 
from  1783  to  the  end  of  1786 — producing  fissures,  ravines, 
landslips,  falls  of  the  sea-cliff,  new  lakes,  and  other  changes, — 
changes  which,  taken  in  conjunction,  afford  the  geologist  one 
of  the  finest  examples  of  the  complicated  alternations  which 
may  arise  from  a  single  series  of  subterranean  movements,  even 
though  of  no  great  violence.  In  1743,  the  town  of  Guate- 
mala, in  Mexico,  with  all  its  riches  and  eight  thousand 
families,  was  swallowed  up,  and  every  vestige  of  its  former 
existence  obliterated;  the  spot  being  now  indicated  by  a 
frightful  desert  four  leagues  distant  from  the  present  town. 
So  also  with  the  valley  of  the  Mississippi  in  181 1,  which, 
from  the  village  of  New  Madrid  to  the  mouth  of  the  Ohio, 
was  convulsed  to  such  a  degree  as  to  create  lakes,  islands,  and 
new  water-channels.  Such  examples  might  be  multiplied  in- 
definitely, even  within  the  limits  of  the  historic  period;  but 
enough,  we  presume,  has  been  quoted  to  convince  the  student 
of  the  vast  amount  of  change  that  must  have  been  produced 
by  earthquake  shocks  and  convulsions  on  the  surface  of  the 
globe  since  the  commencement  of  the  current  epoch. 

379.  The  products  of  volcanoes,  and  the  effects  of  volcanic 
action,  have  been  sufficiently  detailed  in  pars.  125-129.  The 
eruptions  of  Etna  and  Vesuvius  are  matters  of  everyday  noto- 
riety; the  burying  of  Herculaneum  and  Pompeii,  a  subject 
of  high  historic  interest;  and  the  trachytic  lava -flows  of 
Auvergne — varying  from  fifteen  to  thirty  miles  in  length — 
carry  us  back  to  times  antecedent  to  the  human  race,  and  yet 
all  within  the  limila  oi  \3afe  cvrrcerA.  ^i^och.    Sir  W.  Hamilton 
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reckoned  the  current  which  reached  Catania  in  1669  to  be 
fourteen  miles  long  and  in  some  parts  six  wide;  Eecupero 
measured  the  length  of  another,  upon  the  northern  side  of 
Etna,  and  found  it  forty  miles ;  while  Spallanzani  mentions 
currents  fifteen,  twenty,  and  thirty  miles.  In  1783,  the  dis- 
charges of  the  Skaptar  Jokul,  in  Iceland,  continued  for  nearly 
three  months,  producing  the  most  disastrous  effects,  as  well 
as  most  extensive  geological  changes  on  the  face  of  the  island. 
The  immediate  source  and  the  actual  extent  of  these  torrents 
of  lava  have  never  been  actually  determined,  though  Pennant 
speaks  of  them  as  covering  a  surface  ninety-four  miles  by  fifty; 
but  the  stream  that  flowed  down  the  channel  of  the  Skaptar  was 
about  fifty  miles  in  length,  by  twelve  or  fifteen  in  its  greatest 
breadth.  With  regard  to  its  thickness,  it  was  variable,  being 
as  much  as  five  hundred  or  six  hundred  feet  in  the  narrow 
channels,  but  in  the  plains  rarely  more  than  one  hundred,  and 
often  not  exceeding  ten  feet.  The  Hverfisfliot  branch  of  the 
same  eruption  was  about  forty  miles  in  length  and  seven  in 
its  utmost  breadth;  "and  when  it  is  considered,"  says  Captain 
Forbes,  "  that  all  this  merely  represents  that  portion  which 
flowed  into  the  inhabited  districts,  whilst  in  all  probability 
an  equal  if  not  a  greater  portion  was  heaped  up  at  the  base 
of  the  crater,  and  in  the  unknown  districts  by  which  it  is 
environed ;  and  if  we  also  take  into  consideration  the  pumice, 
sand,  and  ashes  scattered  not  only  over  the  whole  island,  where 
the  greater  portion  of  the  pasture  was  at  least  temporarily 
destroyed,  but  hundreds  of  miles  around,  even  causing  the 
destruction  of  the  fisheries  on  the  coast— twice  the  volume 
of  Hecla  would  hardly  represent  the  matter  ejected."  Again, 
"  On  the  nth  of  August  1855  "  (we  quote  the  Kev.  Mr  Coan 
in  *Silliman's  American  Journal '),  "a  small  point  of  light  was 
noticed,  resembling  a  brilliant  star,  on  the  apex  of  Mauna  Loa 
[one  of  the  active  craters  in  the  island  of  Owhyhee],  and  in 
full  view  from  Hilo,  Byron's  Bay.  This  bright  point  soon 
rose  and  expanded,  filling  the  heavens  with  a  dazzling  glare. 
The  eruption  progressed  with  amazing  force  and  rapidity, 
rolling  its  wide  fiery  floods  over  the  mountain's  summit  down 
to  its  base,  with  appalling  fury.  Day  after  day  the  action 
increased,  filling  the  air  with  smoke,  which  darkened  our 
entire  horizon,  and  desolating  immense  tracts  once  clothed 
with  waving  forests,  and  adorned  with  tropical  verdure.  This 
eruption  has  now  been  in  progress  nearly  ten  months,  and 
still  the  awful  furnace  is  in  blast.  The  amount  of  matter 
disgorged  is  enormous :  the  main  streaia  \a  neaA^  %^n<£v^ 
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miles  long  (including  its  windings),  from  one  to  five  miles 
wide,  and  varying  from  ten  to  several  hundred  feet  in  depth." 
We  quote  these  as  instances  of  hundreds  that  might  be  ad- 
duced to  show  the  extent  of  discharges  from  existing  volcanoes. 
Whether  as  lava,  pumice,  scoriae,  dust,  hot  mud,  or  ashes, 
volcanic  products,  both  on  land  and  under  the  ocean,  are 
materially  adding  to  the  stracture  of  the  rocky  crust,  just  as 
in  former  epochs  similar  functions  were  performed  by  the 
granites,  porphyries,  basalts,  traps,  and  trap -tuffs  of  the 
mineralogist.  Nor  is  it  to  the  mere  accumulation  of  igneous 
rock-matter  in  certain  localities  that  the  student  must  look  for 
the  chief  results  of  volcanic  effort.  As  in  former  epochs,  so 
even  now  we  have  lines  and  axes  of  volcanic  elevation;  and 
chains  of  hills,  like  those  pointed  out  by  Von  Tschudi  in  Peru, 
and  by  Darwin  in  the  Pacific,  have  risen  almost  within  the 
scope  of  the  human  era.  Palaeontologically,  volcanic  tufas  and 
lavas  enclose  terrestrial,  fresh- water,  and  marine  remains;  and 
these  must  vary  in  character,  not  only  in  point  of  time,  but 
geographically,  as  the  case  may  be,  in  connection  with  such 
volcanic  centres  as  those  of  Italy,  the  Indian  Archipelago,  or 
the  islands  in  the  Pacific. 


NOTE,    RECAPITULATORY   AND   EXPLANATORY. 

380.   In  the  preceding  chapter  we  have  briefly  indicated 
the  nature  and  extent  of  the  various  accumulations  that  have 
taken  place,  and  are  still  taking  place,  all  over  the  surface  of 
the  globe  since  the  close  of  the  Boulder  formation.    Of  course 
it  is  always  difficult,  and  often  impossible,  to  fix  precisely 
the  limits  of  a  geological  formation,  inasmuch  as  the  close  in 
one  region  may  not  be  simultaneous  with  its  termination  in 
another;  and  in  the  case  of  the  Glacial  Drift  there  is  this 
additional  difficulty,  that  as  the  land  rose  from  the  waters, 
part  of  the  drift  was  retransported,  again  deposited  {remanie), 
and  ultimately  elevated  in  the  closest  proximity  with  the  clays 
and  boulders  from  whence  it  was  derived.     Again,  while  the 
Glacial  Drift  forms  a  sort  of  guiding -post  in  northern  and 
southern  latitudes,  its  absence  in  tropical  and  in  sub-tropical 
countries  increases  the  difficulty  of  drawing  there  the  line 
of  severance  between  Pleistocene  and  Kecent  accumulations. 
Lithologically,  therefore,  all  that  can  be  done  is  to  embrace 
under  one  great  category  all  the  superficial  formations  that 
hsLYe  taken  place  since  \iie  oce^jiv  ^\A  ^^wlYxsAuts  received  the 
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outlines  (or  nearly  so)  of  their  present  configuration;  or, 
speaking  paldeontologically,  since  the  establishment  of  existing 
biological  provinces.  Adopting  this  plan,  we  have  classed  these 
accumulations  under  the  head  Post-Tertiary  or  Kecent,  and 
subdivided  them  into  the  following  groups,  according  to  the 
agents  more  immediately  concerned  in  their  aggregation  : — 

Fluviatile River  accumulations  of  sand,  gravel,  and  alluvium. 

ESTUARINE  or     )    A  n  J  li.-     j  •* 

T3,  ^  ,,  „,„„  \  All  deltic  deposits. 

Fluvio-Marine  j  ^ 

Lacustrine Lake-silt  and  marl-beds. 

Marine {Littoral  and  Pelagic)  Marine  silt,  sand-drift,  shingle- 
beaches,  &c. 

Chemical Calcareous,  silicious,  and  saline  aggregations. 

Organic. Peat-mosses,  shell-beds,  coral-reefs,  infusorial  accumu- 
lations, &c. 

Igneous Discharges  of  lava,  &c.,  earthquake  displacements,  &c. 

As  all  these  agencies  are  incessantly  at  work,  some  of  the 
preceding  accumulations  are  still  in  progress,  others  are  com- 
paratively recent,  and  some,  again,  of  vast  extent  and  unknown 
antiquity.  Indeed,  when  estuary  deposits,  alluviimi  in  valleys, 
lake-silts,  peat-mosses,  sand-drifts,  and  coral-reefs,  are  taken 
in  the  aggregate,  they  assume  a  geological  importance  not  at 
all  inferior,  as  far  as  amount  is  concerned,  to  any  of  the  older 
stratified  formations. 

381.  Lithologically,  the  formation  of  these  superficial  ac- 
cumulations is  patent  and  apparent ;  and  thus,  while  of  high 
interest  in  themselves,  they  acquire  additional  importance 
from  furnishing  ua  with  a  key,  as  it  were,  to  the  more  obscure 
and  complicated  phenomena  of  earlier  epochs.  There  is  no 
difficulty,  for  instance,  with  the  formation  of  such  mechanical 
aggregates  as  fluviatile,  lacustrine,  and  marine  mud-silts,  with 
sand-drifts,  gravel,  and  shingle-beaches;  none  with  the  chemical 
aggregation  of  calc-tuflf,  silicious  sinter,  or  saline  incrustations, 
though  sometimes  we  may  doubt  as  to  the  sources  whence  the 
materials  are  derived;  and  there  is  nothing  obscure  (when 
rightly  studied  and  apart  from  preconceived  theories)  in  the 
growth  of  shell-beds,  coral-reefs,  and  infusorial  masses.  The 
lithofaction  of  such  organic  masses  as  shell-marl,  coral-reefs, 
and  peat-beds,  and  the  internal  changes  they  assume  under 
pressure,  infiltration  of  mineral  waters,  and  other  chemical 
afiGlnities,  present  some  interesting  questions,  but  no  insuper- 
able difficulty  to  the  chemist  and  physicist;  and  the  main 
difficulties  connected  with  the  rocks  of  the  period  are  thoa.^ 
that  attach  to  the  products  of  volcanoes  aikea.^^  ^^-^^^^  \i^  ^ 
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in  the  Becapitolation  of  Chapter  VII.  In  fact,  the  whole 
Petndogy  of  the  period — ^however  much  we  may  marvel  at  the 
extent  of  coral-reefs,  the  innumerable  organisms  in  microphytal 
and  microzoal  deposits,  the  antiquity  of  peat-mosses,  or  the 
prevalence  of  volcanic  phenomena — is  a  thing  taking  place 
beneath  and  around  us,  and  the  student  who  fails  to  compre- 
hend its  nature  and  origin  need  scarcely  attempt  the  solution 
of  earlier  formations. 

382.  The  Palaeontology  of  the  period  might  be  left  to  the 
botanist  and  zoologist,  as  all  but  synonymous  with  the  botany 
and  zoology  of  existing  nature,  were  it  not  for  many  local 
removals,  as  the  elephant,  rhinoceros,  wild-boar,  elk,  reindeer, 
bear,  wolf,  beaver,  &c.,  from  our  own  islands,  and  several 
general  extirictions,  as  the  mammoth,  rjrtina,  dinomis,  sepiomis, 
dodo,  solitaire,  and  Philip's  Island  parrot.  The  cosmical 
conditions  of  our  planet  forbid  any  cessation  of  progress; 
and  thus  while  its  inorganic  materials  are  being  worn  down, 
shifted,  and  reconstructed  into  new  arrangements,  its  yitaUly 
must  also  undergo  corresponding  modifications,  redistribu- 
tions, and  it  may  be  extinctions.  Adopting  this  view,  the 
Post-Tertiary  may  be  conveniently  grouped  into  the  following 
sub-periods : — 


% 


{ 


Eh 

I 

02 

o 


^Historic— Accumulations  and  changes  within  the  range  of  history- 
containing  coins,  implements  and  weapons  of  metal,  or  objects  of 
art,  that  can  be  referred  to  some  definite  period  of  human  chro- 
nology. 

Prehistoric. — Accumulations  and  deposits  embedding  stone  imple- 
ments and  weapons,  and  other  evidences  of  man  anterior  to  any 
definite  period  in  history. 

Mammothian. — Accumulations  containing  the  remains  of  the  mam- 
moth, &c ,  with  which  we  have  yet  no  certain  evidence  that  man 
was  contemporary. 


Through  these  stages — historic,  prehistoric,  and  mammothian 
— we  are  led  insensibly  into  the  Tertiary  system ;  and  there, 
in  many  of  the  superficial  beds,  the  remains  of  the  Mammoth 
are  associated  with  those  of  the  earlier  and  more  cosmopolitan 
Mastodon.  Or,  discarding  altogether  the  idea  of  History,  we 
may  take  the  appearance  of  certain  mammals  in  the  European 
area,  as  sufficiently  indicative  of  the  successive  stages  of  Post- 
Tertiary  chronology.  The  earliest  Post -Tertiary  fauna  was 
marked  by  the  prevalence  of  elephantine  forms,  the  mastodon, 
mammoth,  &c.j  then  succeeded  the  period  of  the  megaceros, 
gigantic  red-deer,  and  other  cervine  forms;  next  followed  a 
time  when  several  species  of  ox  made  their  appearance,  such 
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as  the  urus,  £o8  longifrons,  &c.;  lastly,  in  the  most  recent 
deposits  we  are  presented  with  remains  of  sheep,  thus : — 

I.  The  Ovine  period (Sheep). 

Posx-T^Tx^.  ST.OKS.  ^-  S:a;reS>'d:::::;;:::;:::S:^). 

4.  The  Elephantine  period (Mammoth). 


Industrial  Prcducts. 

383.  In  an  economic  point  of  view,  the  materials  of  the 
Post-Tertiary  system  are  of  vast  and  universal  value.  From 
its  clai/8  we  obtain  an  unfailing  supply  for  pottery,  bricks, 
tiles,  drain-pipes,  and  other  fictUe  purposes ;  its  purer  sands 
supply  the  glass-maker  with  silica,  the  builder  with  setting  for 
his  mortar,  and  the  metal-smelter  with  material  for  his  moulds; 
its  gravels  and  shingle  are  used  in  every  country  for  road- 
making  ;  while  many  of  the  same  fluviatile  sands  and  gravels 
are  the  main  repositories  of  drift-gold,  as  in  California,  Brazil, 
Australia,  and  the  Oural ;  of  stream-tin,  as  in  Cornwall ;  and 
of  gems  and  precious  stones,  as  in  India  and  other  countries. 
The  marls  of  the  system  have  been  long  used  in  agriculture, 
as  have  also  the  shell-sands  of  many  shores,  and  the  warp  or 
tidal  silt  of  certain  estuaries.  Featf  when  dug  in  rectangular 
blocks  and  dried  in  the  sun,  or  pulped  and  coi^pressed  to 
expel  the  moisture,  constitutes  in  many  districts  the  principal 
fuel,  not  only  for  domestic  use,  but  for  burning  lime,  heating 
corn  and  malt  kilns,  and,  when  charred  by  a  smothered 
combustion,  makes  an  excellent  coke  for  the  smelting  of  iron 
and  similar  purposes.  Attempts  have  also  been  made  to 
extract  from  its  mass  tannin,  naphtha,  paraffin,  and  other 
chemical  products ;  and  the  value  of  decomposed  peat  as  a 
manure  is  well  known  to  the  farmer  and  gardener.  The  saline 
incrustations  of  common  salt,  nitrates  of  soda  and  potash, 
borax,  sal-ammoniac,  and  the  like,  have  been  early  made  use 
of  by  man ;  and  recently  the  nitrate  of  soda  has  become  an 
extensive  importation  from  South  America  for  manurial  pur- 
poses. The  bitumens  —  naphtha,  petroleum,  and  asphalt  — 
have  been  long  known  and  used  in  the  arts,  manufactures, 
and  medicine.  Asphalt  (Gr.  a,  not,  and  sphallo^  1  slip)  was 
anciently  used  as  a  cement,  and  also  in  embalming ;  and  now 
it  is  extensively  employed  in  the  manufacture  of  roofing, 
linings  for  cisterns,  foot-pavements,  &c.  Distilled  ii<a.'^\iS}aa.Sa» 
largely  used  as  a  solvent  for  caoutcbiouc,  and  oecajK\.wiai^  ^& 
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a  substitute  for  oD  in  lamps,  &c.  The  industrial  applications 
of  the  volcanic  products  —  lava,  pumice,  puozzolana,  trass, 
sulphur,  <fec. — have  been  already  adverted  to  in  par.  129, 
to  which  the  student  may  agSLin  refer.  The  value  of  certain 
kinds  of  coral  for  ornamental  purposes  is  well  known ;  and 
the  massive  reef  furnishes  one  of  the  most  accessible  and 
purest  of  limestones. 

384.  On  such  an  obvious  and  universal  subject  as  the  Super- 
ficial Accumulations,  we  have  necessarily  many  authors,  some 
of  whom  may  be  consulted  with  advantage.  For  instance, 
the  *  Principles  of  Geology,*  by  Sir  Charles  Lyell,  is  quite  a 
storehouse  of  facts  relative  to  current  geological  events ;  so 
also  is  De  la  Beche's  *  Geological  Observer; '  and  much  in- 
formation may  be  drawn  from  any  recent  work  on  Physical 
Geography.  On  the  subject  of  Coral-Keefs,  we  have  the 
authority  of  Darwin  in  his  valuable  work  *  On  the  Structure 
and  Distribution  of  Coral-Keefs,'  of  Dana  in  the  *  Keport 
on  the  Geology  of  the  American  Exploring  Expedition,*  of 
Stutchbury  in  the  *  West  of  England  Journal,*  of  Beechy  in 
his  *  Voyage  to  the  Pacific,*  and  of  many  other  recent  voyagers. 
On  Peat  Moss,  the  Treatise  of  De  Luc  and  the  Essays  of 
the  Rev.  Mr  Rennie  may  be  consulted  with  advantage ;  and 
on  Volcanoes,  the  works  of  Dr  Daubeny  and  Mr  Poullet 
Scrope  contain  most  of  the  facts  connected  with  the  subject,  or 
supply  the  name  of  the  author  who  has  written  on  the  igneous 
phenomena  of  different  localities.  Palaeontologically,  Professor 
Owen*s  *  Fossil  Mammalia  of  Britain,*  the  *  Ossemens  Fossiles' 
of  Cuvier,  the  *  Palaeontologies  *  of  Pictet  and  D*Orbigny,  and 
the  *  Reliquiae  Diluvianae  *  of  Dr  Buckland,  will  supply  the 
main  features  of  a  fauna  which  differs  little,  except  in  the 
extinction  of  a  few  genera,  from  the  fauna  of  existing  fields 
and  forests.  The  *  Antiquit6s  Celtiques  et  Antediluviennes '  of 
M.  Boilcher  de  Perthes,  Keller's  *  Lake-Dwellings  of  Switzer- 
land,* Nillson's  *  Stone-Age  in  Scandinavia,*  LyeU's  *  Antiquity 
of  Man,*  Lubbock's  *  Prehistoric  Times,*  Evan*s  on  *  Flint 
Implements,*  Dawkin's  *Cave  Hunting,*  and  the  papers  of 
Mr  Prestwich,  Dr  Falconer,  and  others  in  the  'Geological 
Journal,*  will  furnish  all  the  reliable  information  yet  known 
respecting  the  flint  implements  and  other  remains  of  human 
art  that  have  been  discovered  in  the  valley  of  the  Somme,  in 
the  alluvia  of  England,  in  the  bone-caves  of  Sicily,  and  other 
European  localities. 
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CONTEMPOKAKY   OR  EQUIVALENT   DEPOSITS. 

385.  Having  treated  the  stratified  systems  in  detail,  but 
chiefly  as  they  are  developed  in  Britain,  it  may  now  be 
instructive  to  present  in  tabular  arrangement  what  seem  to 
be  the  contemporary  or  equivalent  deposits  in  other  regions. 
Without  such  a  correlation  it  will  be  impossible  for  the 
student  to  read  with  appreciation  the  papers  and  treatises 
of  Continental  and  American  geologists,  while  a  knowledge 
of  these  comparisons  will  greatly  facilitate  his  comprehension 
of  foreign  geology  should  it  ever  be  his  fortune  to  travel  in 
the  countries  to  which  they  refer : — 


I.  POST-TERTIARY  OR  QUATERNARY  SYSTEM. 


Historic. 


British, 

Peat  of  Great  Britain  and  f 
Ireland,  with  remains  of 
gigantic    red-deer,    ex- 
tinct oxen,  man  and  his 
implements. 

Fens,  marshes,  and  river- 
deposits,  with  ancient 
canoes,  implements,  &c. 

Lake  -  silts,      fresh  -  water 

1  marls,  &c.,  with  canoes,  ( 
metal  implements,  re- 
mains of  domesticated 
animals,  &c. 
Accumulations  of  sand- 
drift,  shore-  cave-  and 
beach  -  deposits,  consid- 
erably beyond  the  reach 
of  existing  tides. 


Foreign. 

Terrain  quatemaire  of  French 
authors,  in  part.  —  Modem 
portion  of  deltas  of  Rhine, 
Nile,  Ganges,  Mississippi, 
&c.  —  Marine  strata,  enclos- 
ing temple  of  Serapis  at  Puz- 
zuoli. — Fresh- water  strata  en- 
closing temple  in  Cashmere. 
— Tundras  of  Siberia;  Tarai 
or  jimgle  soil  of  India ;  Cy- 
press swamps,  &c.  of  America. 
— Modem  part  of  Coral-reefs 
of  Red  Sea  and  Pacific. — Tra- 
vertine of  Italy;  Calcareous 
tufa  of  Guadaloupe ;  and 
lavas  of  Vesuvius  and  Etna, 
overspreading  o\s\fc^"&  <A\j»..- 


444 


CONTEMPOBABT  OB 


Pm- 
HI8T0RI0. 


< 


British, 


Peat-moss,  lake-silts,  and 
other  alluvia,  with  log- 
canoes,  pile  -  dwellings, 
and  stone  implements. 

Alluvia  and  river-deposits, 
with  remains  of  Irish- 
deer,  wild  oxen,  mam- 
moth, and  other  extinct 
mammals. 

Cave-deposits  in  part,  with 
bones  of  extinct  mam- 
mals, stone  and  bone  im- 
plements, and  fragments 
of  charred  wood. 


\ 


Foreign. 

Terrain  qnatemaire  of  French 
authors,  in  part.  —  Upper 
river-gravels  of  the  Somme, 
Seine,  &c.,  with  flint  imple- 
ments, and  bones  of  exthict 
manmialia.  —  Upper  alluvia 
of  Tigris  and  Euphrates.— 
River -silt  of  Upper  Egypt 
in  part. — Upper  portion  of 
cave  -  deposits  of  France, 
Belgium,  Mediterranean,  and 
Southern  Europe,  with  stone 
implements  and  charred  wood. 
—Plain  of  Holland  in  part; 
plain  of  China  in  part ;  and 
much  of  the  river-alluvia  of 
America. — Dinomis  silts  of 
New  Zealand. 


Post- 
glacial. 


^Shell-marl  under  peat,  and> 
submarine  forests  of  mo- 
dem trees. 

Raised  beaches  at  various 
heights,  with  species  of 
shells  more  boreal  than 
those  of  existing  seas. 

Ancient  alluvia  and  gra- 
vel of  most  of  our  carses, 
straths,  dales,  and  holmes 
—the  "Brick-clay"  of 
many  authors.  Contains 
remains  of  seals,  whales, 
&c. ;  and  of  extinct 
land  mammals,  as  mam- 
moth, rhinoceros,  urus, 
&c. 

Cave-deposits  in  part,  with 
bones  of  extinct  and  liv- 
ing camivora  and  her- 
bivora — ursus,  hyaena, 
megaceros,  rhinoceros, 
hippopotamus,  &c.    Hu- 

.    man  remains  doubtful.  , 


Loess  of  the  Rhine,  with  recent 
fresh-water  shells  and  mam- 
moth  bones. — Volcanic  tufa 
of  Ischia,  with  living  species 
of  marine  shells,  and  with- 
out human  remains  or  works 
of  art — Newer  boulder  for- 
mation in  Sweden.  — Bluffs 
V  of  the  Mississippi.  —  Drift- 
wood and  mammoth-gravel 
of  the  Arctic  seas. — Tchor- 
nozem  or  black-earth  of  the 
Aralo  -  Caspian  plain.  — Up- 
per portion  of  Great  Chinese 
plain. — Auriferous  Drift,  in 
part,  of  the  Uralian,  Aus- 
tralian, and  Calif omian  gold- 
fields. 
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XL  TERTIARY  SYSTEM. 


LBISTOCENE 

or 

Newer 

Pliocene. 


Older 
Pliocene. 


Upper 
Miocene. 


Lower 
Miocene. 


Upper 
Eocene. 


British, 
/Glacial  drift  or  boulder  for- 
mation of  Norfolk,  of  the 
Clyde,  of  North  Wales 
—the  "Boulder -clay" 
of  many  authors. — Nor-^ 
wich  <>ag.  —  Cave  -de- 
posits of  Kirkdale,  &c., 
with  bones  of  extinct 
and  living  quadrupeds. 

Pre-glacial  sands,  gravels, 
and  clays  of  Durham, 
Ayr,  Fife,  Kincardine, 
&c. 

Red  Crag  of  Suffolk,  Coral- 
line Crag  of  Suffolk. 


Marine  strata  of  this  age 
wanting  in  the  British 
Islands.  —  Ferruginous 
sands  of  North  Downs  (?). 


< 


< 


Hempstead  Beds  near  Yar- 
mouth,  Isle  of  Wight. 
Lignites   and    Clays   of. 
Bovey,    in    Devonshire.  \ 
Leaf-bed  of  MulL     Lig 
nites  of  Antrim. 


{ 


1.  Bembridge  or  Binsted 
Beds,  Isle  of  Wight. 

2.  Osborne  or  St  Helens 
series. 

3.  Headon  series. 

4.  Headon  Hill  Sands  and 
Barton  Clay. 


< 


Foreign, 
/'Terrain  quatemaire,  diluvium. 
Terrain  tertiaire  sup^rieur. 
— Glacial  drift  of  Northern 
Europe ;  of  Northern  United 
States;  and  Alpine  erratics. 

—  Limestone  of  Girgenti 
Kunkur  of  India  (?);  Aus- 
tralian cave  -  breccias,  with 
extinct  marsupials. 

Sub  -  Apennine  strata.  —  Hills 
of  Rome,  Monte  Mario,  &;c. 

—  Antwerp  and  Normandy 
Crag.  —  Aralo-Caucasian  de- 
posits, older  part. — Pampean 
formation  of  South  America, 
&c. 

'^Falurien  sup^rieur. — Faluns  of 
Touraine. — Part  of  Bordeaux 
Beds. — Bolderberg  strata  in 
Belgium.  —  Part  of  Vienna 
Basin. — Part  of  Mollasse  in 
Switzerland.— Sands  of  James 
River  and  Richmond,  Vir- 
ginia. —  Greensands  and 
marls  of  Maryland,  United 
States. 
/Lower  part  of  Terrain  terti- 
aire moyen.  —  Calcaire  lac- 
ustre  sup^rieur,  and  gr^  de 
Fontainebleau. — Part  of  the 
Lacustrine  strata  of  Au- 
vergne. — Limburg  Beds,  Bel- 
gium.— (Rupelian  and  Ton- 
grian  system  of  Dumont.) 
Mayence  Basin.  Part  of 
brown -coal  of  Germany. — 
Hermsdorf  tile  -  clay,  near 
Berlin.  Lignites  of  New 
Zealand  (?). 
(1.  Gypseous  series  of  Mont- 
martre,  and  Calcaire  lacustre 
sup^rieur. 

2  and  3.  Calcaire  silicieux. 

2  and  3.  Gr^  de  Beauchamp, 
or  Sables  moyens. — Laecken 
Beds,  Belgium. 

4.  Upper  and  Middle  C&lca.ve«k 
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CONTEMPORAEY  OB 


Middle 
Eocene. 


Lower 
Eocene. 


British, 


1.  Bagshot  and  Brackl&s 
ham  Beds. 

2.  Wliite   clays   of  Alxun 
Bay,  Isle  of  Wight 


Foreign, 

''I.  Bnmllien  or  Brussels  Beds 
of  Dumont. 
I.  Lower  Calcaire  grossier,  or 
glauconie  grossi^re. 
/  I.  Caibome  Beds,  Alabama. 
I   and  2.    Nummulitic  forma- 
tion of  Europe,  Asia,  &c. 
3.  Soissonnais    Sands,   or  Lits 
Coquilliers. 


1.  London  Clay  and  Bog 
nor  Beds. 

2.  Plastic  and  mottled^ 
clays  and  sands;  Wool-^ 
wich  Beds. 

3.  Thanet  Sands. 


/i.  Wanting  in  Paris  Basin, 
occurs  at  Cassel  in  French 
Flanders. — Limestones  and 
Clays  of  the  Carolinas  (?). 

2.  Argile  Plastique  et  Lignite. 

3.  Lower   Landenian    of    Bel- 
V     gium,  in  part. 


m.  CRETACEOUS  SYSTEM. 


^^Bed8^^\  ^^^^^^  ^  England. 


Upper 
White 
Chalk. 


Lower 
White 
Chalk. 


White  Chalk,  with  flints.  ^ 


iDanien  of  D'Orbigny. 
Calcaire  pisolitique,  Paris. 
Maestricht  Beds. 
Coralline  limestone  of  Faxoe  in 
Denmark. 

'Senonien  of  D'Orbigny. 

Obere  Kreide  and  Upper  Qua- 
der  -  sandstein  of  the  Ger- 
mans. 

La  Scaglia  of  the  Italians. 

Yellow  Limestone  and  Green- 
V     sand  of  New  Jersey,  in  part 

Turonian  of  D'Orbigny. 

Calcaire  h  hippurites,  Pyre- 
n^s. 

Upper  Planer  Kalk  of  Saxony. 

Yellow  Limestone  and  Green- 
sand  of  New  Jersey,  in  part 

Limestones  of  the  West  Indies 
\     and  Colombia,  S.  America. 

/Loose   sand,  with  brightX  ^.  -.tx,^-.. 

green  grains.  C^nomanen  of  p;Orbigny. 

Upper        Firestone  of  Merstham,  in  I  ^^  Y?:^  Sup^neur. 
Greensand.<     Surrey.  }  Craie  CMont^e. 

Marly  stone,   with  chert.    ^°^«^  Quader^andstem  of  the 


/ 


.  Chalk  without  flints. 
\  Chalk-marl. 


< 


\   IsleoiWi^it. 


Germans. 
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British,  Foreign, 

/^    ,  ,.,      ^r    1  ^     1.         /  Albien  of  D*Orbigny. 
[Dark-blue  Marl,  Kent.  Qlauconie  Crayeuse. 


Gault. 


I  Folkstone  Marl. 
/Black  Down  Beds 


1  Lower  Planer  Kalk  of  Saxony, 
(sand-^  Strata    of    the    Saskatchewan 


Stone  and  chert),  Devon-       prairies     and     Vancouver's 


shire. 


\     Island. 


Lower 

BEEN8AND. 


< 


^EALDEN.    { 


/Greensand   of  Kent   and\ 
Sussex. 

Limestone  (Kentish  Rag). 

Sands  and  Clay,  with  cal- 
careous concretions  and 
chert,  Atherfield,  Isle  of 
Wight. 

Speeton  Clay,  Yorkshire.  > 

'Clay,  with  occasional  bands\ 
of  ironstone,  limestone,  | 
and  sandstone  ;    Weald  I  Neocomien  Inf^rieur. 
of    Kent,    Surrey,    and  I  Formation  Waldienne. 


Gres  Vert  Inf^rieur. 
Neocomien  Sup^rieur. 
\  Aptien  of  D'Orbigny. 
Hils  Conglomerat  of  (Germany. 
Hils-thon  of  Brunswick. 


Sussex. 
Sand,  with  calcareous  grit 
and     clay ;      Hastings, 
Cuckfield,  Sussex. 


/  Walderformation 
Germany. 


of      North 


IV.  OOLITIC  OR  JURASSIC  SYSTEM. 


Upper 

OOLITB. 


Middle 
Oolite. 


Lower 
Oolite. 


1.  Purbeck  Beds. 

2.  Portland    Stone 
Sand. 

3.  Kimmeridge  Clay. 


and 


> 


< 


1.  Calcareous  Grit. 

2.  Coral  Rag. 

3.  Oxford  Clay. 
1 4.  Kelloway  Rock. 

/I.  Combrash   and   Forest 
Marble. 

2.  Great  (or  Bath)  Oolite 
and  Stonesfield  Slates. 

3.  Fuller's  Earth,  Bath. 

4.  Calcareous     Freestone, 
and  Yellow  Sands  (In- 

\    ferior  Oolite). 


) 


) 


I.  Serpuliten  Kalk  and  Wal- 
derformation of  N.  Ger- 
many, in  part. — 2.  Portlan- 
dien  of  D'Orbigny. — 3.  Kim- 
meridgien  of  D'Orbigny. — 
Calcaire  k  gryph^s  virgules, 
of  Thirria.— Argiles  de  Hon- 
fleur  of  De  Beaumont. 

I  and  2.  Corallien  of  Beudant 
and  D'Orbigny. — Calcaire  & 
Merinn^es  of  Thurmann. — 
3.  Oxfordien  Sup^rieur. — 4. 
Oxfordien  Inf^rieur  or  Cal- 
lovien  of  D'Orbigny. 

I  and  2.  Bathonien;  Grand 
Oolithe;    Calcaire  de  Caen. 

3  and  4.  Oolithe  inf^rieur ; 
Oolithe  ferrugineux  of  Nor- 
mandy ;  Oolithe  de  Bayeux ; 
B^ocien  of  D'Orbigny. 
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COKTEMPOBABT  OB 


BrUitk. 


LlAB. 


1.  Upper  Lias. 

2.  Marlstone. 

3.  Lower  Lias. 


of 


Foreign. 
Toarden  of  lyOrbigny. 
Lias    Moyen ;    Liasien 
D'Orbigny. 

.  Calcaire  k  grypli^e  arqu6e ; 
Sinemnrien  of  D'Orbigny; 
Coal-field  of  Richmond,  Vir- 
ginia (?);  and  Ckwd-fields  of 
India  (?). 


Uppib. 


^Bone-Bed  of  Axmouth ; 
Penarth  Beds;  Dolo- 
mitic  Conglomerate  of, 
Bristol;  Saliferous  and 
Gypseous  Shales  and 
Sandstones  of  Cheshire. 


Middle.     <  Wanting  in  England. 


V.  TRIASSIC  SYSTEM. 

( Saliferien  of  D'Orbigny ; 
Marnes  iris^es  of  the  French ; 
St  Cassian  or  Rhaetic  Beds ; 
Keuper  of  the  Germans. 
Coal-fields  of  Richmond, 
Virginia,  and  of  Chatham, 
North  Carolina. 

tConchyUen  of  D'Orbigny,  in 
part;  Calcaire  k  C6ratites 
of  Cordier;  Muschelkalk  of 
Germany. 


LowiB. 


rRed  and  White  Sandstones' 
and  Quartzose  Conglo- 
merates of  Lancashire 
and  Cheshire.  White 
Sandstones  of  Lossie- 
mouth and  Cumming- 
stone,  Morayshire  (?). 


Btinter  Sandstein  of  the  Ger- 
mans; Gr^  bigarr€  of  the 
French;  Conchylien  of 
)  D'Orbigny,  in  part;  Red 
Sandstones  of  Connecticut, 
U.S. 


VI.  PERMIAN  SYSTEM. 


I.  Laminated  and  Concre- 
tionary   Limestones    of  I 
York  and  Durham. 
Maqitbsian  }  2.BrecciatedLime8tone,do. 
LiMESTONB.  \     Fossiliferous  Limestone. 
1 4.  Compact  Limestone,  do. 
Vs.  Marl-slate  of  Durham. 

Red  Sandstones,  Grits,  and 
Marls;  Dolomitic  Con- 
glomerate    of    Bristol,^ 
Exeter,  Annandale,  &c. 


Red 

SAl!n>8T0NI. 


1.  Stinkstein  of  Thnringia. 

2.  Rauchwackfe        do. 

3.  Dolomit  or  Upper  Zech- 
stein. 

4.  Zechstein  proper. 

5.  Mergel  or  Kupfer  schiefer. 

Rothliegendes  of  Thuringia. 

Permian  Sandstones,  Conglo- 
merates, and  Magnesian 
Limestones  of  Russia. 

Grte  des  Voyages  of  French. 


VIL  CARBONIFEROUS  SYSTEM. 
(i  Upper   or   True    Coal-(i.  Coal-fields    of    the   United 
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Middle. 


British,  Foreign. 

1.  Millstone  Grit  of  Eng-1  2.  Calcaire  Carbonif^re  of  the 
land.  I     French. — Bergkalk  or  Eohl- 

2.  Mountain   or    Carboni-|     enkalk   of    the   Grermans. — 
ferous  Limestone.  J     Pentremite  Limestone,  U.S. 


Lower.     / 


(1,  Lower  Coal  -  Measures " 
and  "Calciferous  Sand- 
stones" of  Scotland. — 
Lower  Limestone  Shale, 
Mendips.  —  Carbonifer- 
ous Slates  of  Ireland. 


I.  Eiesel  Schiefer  and  Jungere 
Grauwackd  of  the  Germans. 
— Gypseous  Beds  and  En- 
crinital  Limestones  of  Nova 
Scotia. — Cypridina  Schiefer 
of  Nassau^  Saxony,  &c. 


VIII.  DEVONIAN  AND  OLD  RED  SANDSTONE. 


Upper. 


Middle. 


JjOwer. 


) 


(T.  YeDow    Sandstones    of\ 
Dura    Den,     Fifeshire ; 
Hospital    Mill,    Elgin; 
Kilkenny,  Ireland;  and    i. 
Pilton    and    Petherwyn 
Groups,  Devonshire. 
2.   White   and   chocolate-    2. 
coloured  Sandstones  and 
Grits   of   Berwick   and 
,    Roxburgh. 

1.  Red    Sandstones    and\  i. 

Marls    of    Fife,    Perth,  j 

Forfar,  Hereford,  &c.       I 

2.  Schists  and  Limestones  \2 
of  Devonshire. 

3.  Micaceous  and  Bitumin- 
ous Flags  of  Caithness. 


Upper  Devonians  of  Russia ; 
Cypridina   Schiefer  of   Ger- 
many, in  part. 
Catskill  Group,  U.S. 


Eifel  Limestone  ;  and  Up- 
per and  Middle  Devonians  of 
Russia,  in  part, 
and  3.  Middle  Devonians  of 
Russia,  in  part;  Chemung, 
Genessee,  and  Hamilton 
Groups,  North  America. 


Sandstone      and 


'2.   Grey    Flagstones    and\ 

Sandstones  of  Perth  and    i.    Spirifer 

Forfar.      Great   Pebbly       Slate. 
I     Conglomerate    of    Scot- 1 2.  Russian     Devonian,     lower 
\     land;  Tilestones  of  Here- /    part;    and    Onondago    and 

ford,  in  part ;  Trappean       Oriskany      Groups,      North 

Conglomerate   of    Scot-       America. 

land. 


IX.   SILURIAN  SYSTEM. 


Upper. 


Upper  Ludlow  Rocks  ;^ 

Lesmahagow  Tilestones. 

Aymestry  Limestone. 
,  Lower  Ludlow. 
,  Wenlock  Limestone  and 

Shale. 
,  Llandovery  Rocks. 

2  F 


1-5.  Upper  stages  of  Bohemian 

Basin ;  E  to  H  of  Barrande. 
1-3.  Pentamerus,  Delthyris,  and 
^  Onondago  Groups,  New 
York. — 4.  Schoharie  Coral- 
line Limestone. — 5.  Medina 
Sandstoii!^. 


4SO 
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Lower. 


British, 

^i.  Caradoc  Sandstone, 
a.  Bala  Beds. 

3.  Llandeillo  and  Lingnla^ 
Flags. 

4.  Longmynd  or  *' Bottom 
Bocks." 


I'oretffn. 

and  3.  Lower  stages  of  Bo- 
hemian Basin ;  C  and  D  Bar- 
rande. — 4.  Primordial  zone  of 
Barrande ;  Slates  of  Angers, 
France. — 1-4.  From  Oneida 
Conglomerates  to  Potsdam 
Sandstone  inclusive. 


Uffeb. 


Lower. 


X.   CAMBRIAN  SYSTEM. 

rFossiliferons  Schists  of^Alnm  Schists  of  Sweden;  low- 
<  Wicklow  ;  Schists  and  >  est  fossiliferoos  rocks  of  Wis- 
(.    Slates  of  North  Wales.    )     consin  and  Minnesota. 

{Lower  Grits  and  Schists  of\ 
Dumfries ;    and    Grits, 
Schists,  and  Conglome- 1  Hnronian  Sandstones  and  Chlo- 
rates of  Northern  High-  f     ritic  and  Gneissic  Schists, 
lands  |nd  Outer  Hebri- 
des. 


Upper. 


Lower. 


XI.    LAURENTIAN    SYSTEM. 

Gneissic   and    C^stalline*j  ^^^.3^.^       ^^^       Homhlende 
Schists  of  the  Northern  I     g^j^.^^-  ^^  ^j^^  g^  Lawrence 
Hebrides ;  Hypersthene       ^^  Adirondack  Mountains, 
rocks  of  Skye,  &c.  J 

i  Gneissic  Schists,  Quaitziteg, 
Crystalline  Limestones,  and 
Serpentines  of  the  Laurentide 
Mountains,  Canada. 
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XXII. 

GENERAL  REVIEW  OF   THE   STRATIFIED   SYSTEMS — 
THEORETICAL  DEDUCTIONS. 

386.  The  object  of  Geology,  we  have  stated,  is  to  discover 
the  constitution  and  unfold  the  history  of  our  globe.  What 
are  the  materials  of  which  this  earth  is  composed ;  what  are 
the  causes  that  have  led  to  their  formation  and  present  arrange- 
ment ;  what  the  nature  of  the  vegetable 'and  animal  remains 
they  entomb,  as  compared  with  those  now  peopling  its  land 
and  waters ;  what  evidence  do  these  afford  of  past  change  and 
progress ;  and,  combining  the  sum  of  such  evidence,  what  is 
the  history  of  our  earth,  tracing  back,  through  all  its  manifold 
phases,  from  the  current  hour  to  the  earliest  moment  of  which 
we  have  record  in  the  rock-formations  we  investigate? 
This  is  Geology — this  is  the  wide  field  of  labour ;  these  the 
numerous  and  complicated  problems  —  this  the  attractive 
though  arduous  task  that  lies  before  the  geological  inquirer. 
As  in  tracing  the  history  of  our  own  race,  the  archaeologist  ex- 
humes buried  cities  and  catacombs,  collects  objects  of  human 
art,  deciphers  monumental  inscriptions,  and  notes  every  vestige 
of  the  successive  tribes  that  have  peopled  any  given  locality; 
so  in  Geology,  the  truthful  inquirer  examines  every  stratum, 
exhumes  every  fragment  of  plant  or  animal  he  detects,"  and 
notes  every  impress  of  the  past,  be  it  a  footprint,  the  ripple- 
mark  of  a  passing  current,  or  the  pittings  of  a  rain -drop. 
Every  fact,  however  small  in  itself,  augments  the  amount  of 
evidence ;  and  thus  it  is  that  mere  chips  and  fragments,  which 
the  foot  of  the  ignorant  woxdd  spurn  from  its  path,  and  the 
road-maker  consider  sorry  material  for  his  purpose,  are  in  the 
eye  of  science  invested  with  as  high  an  interest  as  the  obelisks 
of  Egypt,  or  the  sculptures  of  Nineveh.  The  one  carries  the 
human  chronologer  at  most  only  over  the  checkered  lapse  of 
a  few  thousand  years,  the  other  bears  the  geologist  back  im- 
measurably into  the  past ;  and  if  historians  ^i^  uqXi  ^<^^&^ 
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to  times  and  incidents  so  recent,  what  marvel  need  it  be  that 
geologists  are  not  yet  at  one  respecting  events  and  epochs, 
compared  with  which  the  most  distant  dates  of  man  are  but 
as  the  moments  of  yesterday]  And  after  all,  uniformity  in 
geological  belief  is  much  more  general  than  is  commonly  sup- 
posed ;  and  just  for  this  reason,  that  we  are  dealing  with  great 
cosmical  events,  the  results  of  laws  and  operations  that  are 
now  acting,  have  acted,  and  will  continue  to  act,  in  the  same 
even  and  uniform  manner,  while  the  present  constitution  of 
Nature  remains. 


Uniformity  of  Natural  Operations. 

387.  The  agencies  that  now  operate  on  and  modify  the 
surface  of  the  globe, — that  scoop  out  valleys  and  wear  down 
hills;  that  fill  up  lakes  and  estuaries  and  seas;  that  submerge 
the  dry  land  and  elevate  the  sea-bottom  into  new  islands; 
that  rend  the  rocky  crust  and  throw  up  new  mountain-chains ; 
and  that  influence  the  character  and  distribution  of  plants  and 
animals, — are  the  same  in  kind,  though  differing  it  may  be 
in  degree,  as  those  that  have  operated  in  all  time  past.  The 
layers  of  mud  and  sand  and  gravel  now  deposited  in  our  lakes 
and  estuaries  and  along  the  sea-bottom,  and  gradually  solidify- 
ing into  stone  before  our  eyes,  are  the  same  in  kind  with  the 
shales  and  sandstones  and  conglomerates  that  compose  the 
rocky  strata  of  the  globe ;  the  marls  of  our  lakes,  the  shell- 
beds  of  our  estuaries,  and  the  coral-reefs  of  existing  seas,  year 
after  year  increasing  and  hardening,  belong  to  the  same  series 
of  materials,  and  in  process  of  time  will  be  undistinguishable 
from  the  chalks  and  limestones  and  marbles  we  quarry;  the 
peat -mosses,  the  jungle  -  growths,  and  vegetable  drifts  that 
have  grown  and  collected  within  the  history  of  man,  are  but 
continuations  of  the  same  formative  power  that  gave  rise  to  the 
lignites  and  coals  of  the  miner;  the  molten  lavas  of  JBtna  and 
Vesuvius,  and  the  cinders  and  ashes  of  Hecla,  are  but  repeti- 
tions of  the  same  materials  which  now  compose  the  basalts 
and  greenstones  and  trap-tuffs  of  the  hills  around  us ;  while 
the  corals  and  shells  and  flshes,  the  fragments  of  plants  and 
the  skeletons  of  quadrupeds,  now  embedded  in  the  mud  of 
our  lakes  and  estuaries  and  seas,  will  one  day  or  other  be 
converted  into  stone,  and  tell  as  marvellous  a  tale  as  the  fossils 
we  now  exhume  with  such  interest  and  admiration.  Without 
this  uniformity  in  tlie  gc^^^.  cy^^x^itlons  of  nature,  the  histoiy 
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of  the  Past  would  be  an  uncertainty  and  delusion.  We  can 
only  read  the  past  as  connected  with  the  present;  and  premise 
of  the  future  from  what  is  now  taking  place. around  us. 

388.  And  here  the  student  is  met  with  this  difficulty  at 
the  outset,  namely,  that  many  writers  on  the  science  are  in 
the  habit  of  treating  geological  phenomena  as  the  results 
of  "  cataclysms,"  and  "  revolutions,"  and  "  aberrant  forces," 
without  seeking  for  their  solution  in  the  fixed  and  ordinary 
operations  of  nature.  In  one  sense,  such  occurrences  as  the 
submergence  of  the  Ullah  Bund  in  India,  the  Lisbon  earth- 
quake, the  discharges  of  Hecla,  and  the  like,  are  in  their  local 
results  cataclysmftl  and  revolutionary:  but,  after  all,  they  are 
merely  expo/ents  of  established  foJL  in  nature,  wiuchiave 
operated  less  or  more  through  all  time,  and  seem  as  necessary 
for  the  conservation  of  a  habitable  terraqueous  globe,  as  the 
heat  of  the  sun  or  the  daily  rotation  of  the  earth  on  its  axis. 
In  cosmicaJ  operations  we  may  not  always  be  able  to  trace 
the  continuous  Une  of  law  by  which  the/are  regulated;  but 
in  such  instances  it  is  certainly  much  more  philosophical  to 
lay  the  defect  at  the  door  of  our  own  inability  to  trace,  than 
to  ascribe  it  to  irregularity  and  disorder  in  nature.  And  after 
all,  there  are  really  very  few  phenomena  in  the  crust  of  the 
earth  that  cannot  be  accounted  for  by  existing  causes.  The 
boulder-clay,  with  its  huge  water-worn  blocks,  meets  with  its 
analogues  in  arctic  and  glacial  regions;  the  most  massive 
conglomerates  are  matched  by  existing  shingle-beaches;  the 
granites  and  basalts  of  our  hills  have  their  types  in  active 
volcanoes  and  volcanic  productions;  limestones  in  living  coral- 
reefs  ;  and  coal-beds  in  the  peat-mosses,  jungle-growths,  and 
vegetable  drifts  of  the  current  epoch. 

389.  If  the  operations  of  the  past  seem,  in  some  cases,  to 
have  been  conducted  on  a  more  gigantic  scale,  or  with  greater 
rapidity,  than  those  of  the  present  day,  this  too  may  be  readily 
accounted  for  by  different  arrangements  of  sea  and  land, 
and  by  concentrating,  as  it  were,  the  power  of  any  set  of 
forces  for  a  continuous  period  in  one  direction,  and  within 
the  limits  of  one  locality.  Until  we  ascertain  the  power  of 
existing  causes  under  every  possible  phase  of  arrangement,  it 
is  alike  premature  and  unphilosophical  to  have  recourse  to 
abnormal  conditions,  and  the  student  of  geology  abandons  the 
right  path  of  investigation  the  moment  he  appeals  to  other 
causes  than  those  now  operating  above,  beneath,  and  around 
him.  Nor  does  it  at  all  involve  the  idea  of  "  revobitvi\3L%" 
and  "  cataclysms"^ to  believe,  for  exami^\e,  Wi^  %!wc>?si\»  \«?*^ 
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gradually  cooled  down  from  an  incandescent  state  to  its  present 
temperature,  to  admit  the  periodical  passage  of  the  solar  system 
through  hotter  and  colder  regions,  or  to  rely  on  certain  great 
successional  and  progressional  movements  in  nature  for  the 
solution  of  some  of  our  problems.  There  is  only  this  to  be 
observed,  that  our  reasonings  can  never  be  founded  securely 
on  any  other  basis  than  that  of  fact ;  and  that  where  science 
cannot  arrive  at  a  solution  through  the  powers  and  processes 
of  existing  nature,  it  will  be  little  aided  by  having  recourse 
to  the  possible  and  plausible.  Again,  where  the  force  seems 
unequal  to  the  result,  the  student  should  never  lose  sight  of 
the  element  time — an  element  to  which  we  can  set  no  bounds 
in  the  past,  any  more  than  we  know  of  its  limit  in  the  future. 
It  is  not  so  much  a  matter  of  force  as  of  time.  The  falling 
drop  hollows  the  hardest  stone;  creatures  unseen  by  the  naked 
eye  can  pile  up  reefs  of  gigantic  dimensions. 

390.  It  will  be  seen  from  this  hasty  indication,  that  there 
are  two  great  schools  of  geological  causation — the  one  ascrib- 
ing every  result  to  the  ordinary  operations  of  nature,  combined 
with  the  element  of  unlimited  time ;  the  other  appealing  to 
agents  that  operated  during  the  earlier  epochs  of  the  world 
with  greater  intensity,  and  aJso,  for  the  most  part,  over  wider 
areas.  The  former  belief  is  certainly  more  in  accordance  with 
the  spirit  of  right  philosophy,  though  it  must  be  confessed 
that  many  problems  in  geology  seem  to  find  their  solution 
only  through  the  admission  of  the  latter  hypothesis.  As  far  as 
existing  evidence  goes,  palaeontology  has  established  the  fact 
of  progressional  gradations  in  the  vital  economy  of  the  globe, 
and  it  may  be  that  more  exact  investigation  may  yet  establish 
analogous  gradations  among  its  purely  physical  phenomena. 
There  is  nothing  unphilosophical,  we  have  already  said,  in  the 
hypotheses  (and  many  facts  seem  to  favour  the  belief)  that 
the  earth  has  gradually  cooled  down  from  a  state  of  molten 
incandescence ;  that  volcanic  activity  was  consequently  more 
intense  and  general  during  earlier  epochs  than  now;  that 
during  the  successive  stages  of  refrigeration  the  earth  enjoyed  a 
higher  surface-temperature ;  that  this  higher  temperature  was 
accompanied  by  tropical  phases  of  vegetation  and  vitality; 
and  that  on  this  single  idea  of  progression  may  rest  the  solu- 
tion of  many  of  the  most  important  problems  in  Geology.  But 
then  we  must  again  warn  the  student,  that  such  hypotheses, 
however  plausible,  cannot  possibly  be  accepted  as  "  true  and 
su^cient  causes"  till  Geology  has  secured  more  extensive 
evidence,  and  learned  lo  ^\3l\i  «3^  V«t  iiMi\&  ^ough  a  more 
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rigid  course  of  probation.  So  far  as  human  observation  ex- 
tends, we  have  no  sufficient  evidence,  for  example,  of  the 
gradual  refrigeration  of  the  globe,  of  the  secular  contraction 
of  its  mass,  of  its  passage  through  hotter  or  colder  regions  of 
space,  of  any  secular  change  in  its  axis  of  rotation,  of  any 
retarding  medium  affecting  its  orbit  round  the  sun,  of  any 
cometic  influence  deranging  the  quiet  steady  movement  of  its 
waters,  or,  in  fact,  any  evidence  of  one  of  those  great  revolu- 
tionary causes  that  are  occasionally  appealed  to  by  the  geo- 
logical theorist  Nor,  on  the  other  hand,  do  the  existing 
operations  of  nature  give  the  least  shadow  of  support  to  the 
belief  in  alternating  periods  of  activity  and  violence,  of  cessa- 
tion and  repose  —  a  belief  at  one  time  in  favour  among  a 
certain  class  of  geologists,  and  not  yet  altogether  discarded 
from  the  popular  lecture-room.  So  far  as  the  present  state  of 
our  knowledge  enables  us  to  decide  (and  by  this  alone  should 
the  student  ever  seek  to  be  guided),  the  operations  of  nature 
.appear  to  be  fixed  and  uniform  within  certain  ascertainable 
limits,  and  beyond  these  there  seems  to  lie  some  great  law 
of  cosmical  progression^  clearly  indicated  in  the  geological 
history  of  the  past,  and  ever  rising  up  before  us  as  a  matter  of 
f aith^  but  standing  as  yet  beyond  the  grasp  of  exact  scientific 
demonstration. 


State  of  Geological  Inquiry. 

391.  Having  made  himself  familiar  with  the  operations 
now  taking  place  on  the  surface  of  the  globe,  the  geologist 
proceeds  to  examine  the  rock-materials  of  which  it  is  com- 
posed, to  describe  their  composition  and  relative  positions,  to 
investigate  the  remains  of  plants  and  animals  they  contain, 
to  ascertain  the  areas  they  occupy,  so  as  to  indicd.te  the  con- 
ditions and  appearance  of  the  worid  during  former  epochs, 
and  idtimately  to  arrive  at  a  knowledge  of  the  peculiar  floras 
and  faunas  that  have  successively  peopled  its  surface.  For 
this  purpose  he  descends  into  the  stratified  or  accessible 
crust,  and  there  he  finds  tide-rippled  sandstones  that  must 
have  formerly  spread  out  as  sandy  shores ;  conglomerates  that 
formed  pebbly  beaches ;  shales  that  were  the  muddy  clays  of 
former  lakes  and  estuaries ;  limestones  that  once  were  living 
coral-reefs ;  and  coal-beds  composed  of  the  remains  of  a  by- 
gone vegetation.  Here,  also,  we  discover  embedded  coiaI& 
and  shells  and  fishes  that  must  have  MnqA.  m  >i)tL<^  «^^»s2l\ 
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reptiles  that  thronged  shallow  bays  and  estuaries ;  huge 
mammals  that  browsed  on  river-plains;  and  plants,  some 
that  flourished  in  the  swampy  jungle,  and  others  that  reared 
their  trunks  in  the  tropical  upland.  Of  all  this,  though  min- 
eralised and  converted  into  stone,  there  is  the  clearest  and 
most  abundant  evidence;  and  could  the  geologist  map  out 
the  mutations  of  sea  and  land  from  the  present  moment  to 
the  earliest  time  of  which  he  has  traces  in  the  rocky  crust — 
could  he  restore  the  forms  of  the  fossil  plants  and  animals 
found  in  the  successive  strata — could  he  indicate  their  habits 
and  the  climate  and  conditions  under  which  they  lived  and 
grew — Geology  would  have  accomplished  its  task,  and  have 
done  for  the  past  aspects  of  the  world  what  geography  and 
natural  history  are  now  doing,  and  have  done,  for  its  present 
features.  As  yet  the  outline  of  such  a  history  is  faint  and 
imperfect ;  but  when  we  reflect  how  difficult  it  is  to  trace 
back  the  history  of  the  humaif  race  even  for  a  few  thousand 
years,  which,  compared  with  the  epochs  of  Geology,  are  but 
as  the  hours  of  yesterday,  the  marvel  becomes,  not  that  the 
outline  of  geological  history  is  so  faint,  but  that  its  facts  are 
so  numerous  and  well  ascertained.  The  band,  moreover,  of 
ardent  and  qualified  investigators  is  yearly  on  the  increase ; 
new  facts  are  daily  coming  in  from  every  quarter  of  the 
globe ;  and  the  time,  it  is  hoped,  is  not  far  distant  when  the 
geologist  shall  be  enabled  to  read  the  history  of  the  world 
before  man,  with  as  much,  if  not  with  greater,  certainty  than 
we  can  now  read  the  phases  of  human  history  itself,  as  dis- 
played in  the  successive  developments  of  Ninevites  and 
Egyptians,  of  Greeks  and  Romans,  of  medieval  Goths  and 
modern  Anglo-Saxons. 

392.  Satisfactory,  however,  as  has  been  the  progress  of 
geology  during  the  last  sixty  years — hopeful  as  are  its  pros- 
pects— ^it  cannot  be  denied,  and  the  student  cannot  be  too 
deeply  impressed  with  the  fact,  that  the  great  tendency  of 
many  investigators  is  to  rush  at  once  into  generalisation  and 
law  without  the  necessary  data ;  while  others  too  timorously 
avoid  generalisation,  and  bewilder  themselves  in  a  maze  of 
minute  and  unimportant  distinctions.  We  have  on  the  one 
hand  your  world-maker  and  developist  confidently  construct- 
ing the  world,  and  peopling  it  to  lus  own  satisfaction,  upon 
the  slenderest  basis  of  fact,  but  the  broadest  of  unsupported 
assumption;  and  on  the  other  hand,  your  microscopic  fact- 
observer  and  species-maker,  tmable  apparently  to  comprehend 
the  connection  oi  wYiatYi^  oVsaex^^j^---ii!ga\tYing  with  the  name 
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of  "  science  "  a  wilderness  of  little  discoveries  and  unimport- 
ant distinctions.  The  one,  shirking  the  labour  of  observation, 
would  construct  a  world  without  the  necessary  material ;  the 
other,  unable  to  comprehend  the  value  of  law,  plumes  him- 
self on  his  tact  in  technalising,  it  may  be,  the  tail  of  a  trilo- 
bite.  All  honour  to  the  patient  investigator  of  facts,  for 
without  facts  we  can  never  have  legitimate  deductions — ^all 
reverence  for  the  mind  that  honestly  strives  to  arrive  at  the 
true  expression  of  a  law,  for  without  law  nature's  facts  appear 
but  an  unintelligible  medley,  without  plan  or  arrangement. 
What  we  would  guard  the  student  against  is,  the  proneness 
to  rush  into  extremes — the  tendency  that  has  recently  been 
exhibited  in  quarters  from  which  better  things  might  have 
been  expected— to  dignify  mere  observation  with  the  name  of 
geological  science ;  and  the  craving  for  notoriety  that  impels 
to  "  theories  of  the  universe,"  which  do  violence  to  fact,  and 
retard  the  progress  of  right  investigation.  As  mere  hypothesis 
can  never  constitute  Law,  so  a  mere  collection  of  facts,  how- 
ever numerous,  can  never  be  regarded  as  the  ultimate  object 
and  scope  of  a  science.  True  geology  has  a  different  aim 
before  it ;  its  cultivators  a  different  function  to  perform.  And 
the  interesting  problems  it  has  already  solved,  the  expanded 
view  it  has  given  us  of  creation,  and  the  wondrous  variety 
and  complexity  of  extinct  life  it  has  revealed,  take,  rank 
already  among  the  established  beliefs  of  human  reason,  as 
the  proudest  triumphs  of  correct  observation  and  inductive 
philosophy. 

Systematic  Arrangements. 

393.  The  exponents  of  geological  history,  we  have  said, 
are  the  rocky  strata  of  the  globe;  and  these  after  diligent 
research  in  many  and  distant  regions,  have  been  arranged 
into  groups  and  systems,  each  set  occurring  above  another  in 
point  of  time  being  spread  over  certain  areas,  marked  by 
some  peculiarity  of  composition,  and  characterised  by  the 
remains  of  certain  plants  and  animals  not  found  in  any  other 
series  of  strata.  In  fine,  each  group  and  system  is  the  ex- 
ponent of  a  certain  period  of  time,  and  of  the  operations  that 
took  place  during  that  period,  not  only  in  the  area  where  the 
stratified  group  or  system  occurs,  but  also,  to  some  extent,  in 
the  area  from  which  the  materials  of  that  group  or  system 
were  derived.  Silts,  clays,  sands,  and  gravels  deposited  in 
any  sea  or  estuary,  must  have  been  derived  iioxa.  ^otaa  \«r«sfcr 
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trial  source ;  and  while  some  of  the  plants  and  animals  em- 
bedded in  these  sediments  may  have  belonged  to  the  waters 
of  deposition,  others  must  have  been  drifted  from  the  land, 
and  thus  bespeak  the  geographical  conditions  of  the  regions 
from  which  tiiey  came  and  on  which  they  had  flourished.  In 
arranging  these  groups,  the  earlier  geologists  were  guided 
more  by  mineral  than  by  fossil  distinctions;  hence  such  a 
tabulation  as  the  following : — 


slay,   J 


Alluvium, 

Diluvium,        ^ Tebtiabt. 

London  clay, 

Chalk, 

Oolite, 

New  red  sandstone,  }       ,        .        .        .        Secondabt. 

Coal-measures, 

Old  red  sandstone, 

Greywack^, Transition. 

Mica  schist,  and  gneiss,  )  t>-. 

Granite  and  porphyry,    )  *        '        '        i:'BiMABY. 

Such  an  arrangement  tells  little  more  than  the  prevailing 
composition  of  the  rocks  and  their  order  of  succession.  From 
their  structure  and  texture,  their  relative  thickness,  their 
repeated  laminations,  and  so  forth,  we  might  form  some  idea 
of  the  physical  agencies  concerned  in  their  aggregation,  and 
of  the  length  of  time  required  for  their  deposition.  This, 
however,  would  be  all ;  and  not  till  we  had  examined  the 
remains  of  plants  and  animals  embedded  in  the  strata,  could 
we  tell  whether  these  had  been  deposited  in  lakes,  in  estuaries, 
or  in  seas ;  could  we  say  whether  the  climate  of  the  region 
had  been  arctic,  temperate,  or  tropical;  could  we  depict  the 
successive  phases  of  the  vegetable  and  animal  life  that  peopled 
the  globe ;  or  could  we  pronounce  on  the  various  mutations 
which  that  vitality  had  undergone  during  the  long  progression 
of  ages,  so  clearly  indicated  by  the  systems  of  the  geologist 
The  moment,  however,  that  the  palaeontology  was  grafted  on 
the  lithology  of  the  stratified  systems,  the  science  assumed  a 
new  interest,  and  geologists  became  more  anxious  to  trace  the 
successive  phases  of  vitality,  than  to  be  curious  about  mere 
mineral  and  physical  distinctions.  Proceeding  upon  this  idea, 
the  various  rocks,  from  the  sands  and  gravels  scattered  on  the 
surface  down  to  the  deepest-seated  strata,  may  be  arranged  in 
groups  and  systems  and  life-periods  as  follows : — 
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Deposits  in  progress, 
Becent, 

Pleistocene, 
Pliocene, 
Miocene, 
Eocene, 

Chalk, 
Greensand, 

Wealden, 

Oolite, 

Lias, 

Saliferous  marls, 

Muschelkalk, 

Upper  new  red  sand- 
stone, 

Magnesian  limestone. 

Lower  new  red  sand 
stone. 

Coal-measures, 
Millstone  grit. 
Mountain  limestone, 
Lower  coal-measures. 

Yellow  sandstones,      \ 
Bed    sandstones    and 

conglomerates, 
Devonian    limestones  \ 

and  schists,  | 

Fissile  flags  and  con-  I 

glomerates,  / 

Upper  Silurian,  » 

Lower  Silurian,  j 

Upper  Cambrian,  ) 

Lower  Cambrian,  ) 

Labrador  series,  ) 

Lower  Laurentian,       j 

Clay-slate, 
Mica-schist, 
Gneiss  and  granitoid 
schists, 


Systems, 

Post-Tertiart 
(quatebnaby). 

Tertiary. 

Cretaceous. 

Oolitic  1 
(Jurassic). 

Triassic. 
Permian. 


Periods, 


CAINOZOIC. 


MESOZOIC. 


o 

N3 
O 

5z; 


/ 


Carboniferous. 


Devonian 
(Old  Red 
Sandstone). 


Silurian. 

Cambrian. 

Laurentian. 

Metamorfhic. 


/ 
\ 


PALEOZOIC. 


'   N3 


J 


HYPOZOIC. 


394.  In  each  of  these  groups  and  systems,  as  was  seen 
while  treating  them  in  detail,  there  are  certain  plants  and 
animals  not  occurring  in  any  other  group  or  system — the 
range  of  difference  being  less  between  the  Groups  than  the 
Systems,  and  being  still  more  marked  in  the  Periods  and 
Cycles.     Proceeding  upon  this  fact,  it\\a%\i^«ii  ^\«ass^\ft^\si 
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exhibit  the  progress  of  the  world  by  vital  gradations  alone, 
— disregarding  altogether  the  mineral  and  mechanical  con- 
ditions of  the  rocks  in  which  they  occur.  There  is  an  evident 
error  in  this,  however,  as  the  object  of  the  geologist  is  to 
unfold  not  merely  the  development  of  life,  but  the  past 
physical  and  geographical  phases  of  the  globe ;  and  this,  not 
alone  in  still  serenity  of  sea  and  land,  and  peopled  with  cer- 
tain races  of  plants  and  animals,  but  in  a  state  of  busy  activity 
and  change,  and  subjected  to  all  those  ceaseless  agencies  that 
degrade  and  reconstruct  the  mineral  material  of  which  it  is 
composed.  It  is  better,  therefore,  for  the  young  geologist  to 
accustom  himself  to  associate  the  rocks  with  the  fossils  they 
embed — to  combine,  for  example,  the  Silurian  strata  witi 
their  trilobites  and  lingulae  and  cystideae,  rather  than  speak 
of  a  "  trilobitian  epoch,"  to  the  subordination  of  other  races, 
which  may  be  quite  as  characteristic  of  the  system,  though 
not  occurring  in  the  same  numerical  abundance. 

395.  It  is  needless,  we  presume,  again  to  warn  the  student 
against  the  error  of  attaching  to  these  "groups"  and  "systems" 
and  "periods"  a  value  that  does  not  properly  belong  to 
them.  It  is  true,  for  example,  that  the  general  fades  of  the 
plants  and  animals  that  lived  during  the  Silurian  epoch 
differs  considerably  from  the  facies  of  the  Devonian  flora  and 
fauna;  but  it  is  not  true  that  the  strata  we  call  Silurian 
embed  a  system  of  life  altogether  distinct  and  different  from 
that  embedded  in  the  strata  we  term  Devonian,  The  groups 
and  systems  and  periods  of  the  geologist  must  be  received  as 
mere  provisional  expedients  towards  the  elucidation  of  his 
science ;  and  we  sin  against  nature  the  moment  we  attempt 
to  set  them  up  as  the  exponents  of  what  some  are  in  the 
habit  of  styling  "independent  creations."  Geology  cannot 
point  its  finger  to  a  single  break  in  the  great  evolution  of 
vitality,  any  more  than  it  can  point  to  a  moment's  cessation 
in  the  physical  operations  of  nature,  from  the  deposition  of 
the  first-formed  strata  to  the  layer  of  mud  left  along  shore  by 
the  last  receding  tide.  The  whole  of  our  groups  and  systems 
are  merely  successive  stages  in  one  great  system  or  Cosmos — 
the  minor  stages  imperceptibly  graduating  into  each  other, 
and  the  amount  of  progress  becoming  apparent  only  after  the 
lapse  of  ages.  These  progressional  stages  constitute,  in  fact, 
our  "systems"  and  "periods;"  and  if  in  one  region  there 
should  appear  to  be  a  sudden  break  between  them,  let  the 
student  ever  remember  that  the  deficiency  is  supplied  by 
£iome  other  district — m  otV^et  ^otdia*^  let  him  remember  that 
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the  oscillations  of  sea  and  land,  of  elevation  and  depression, 
and  other  physical  changes  of  condition,  are  sufficient  to 
account  for  local  breaks  in  Life,  but  that  there  is  no  founda- 
tion whatever  for  the  belief  in  "general  extinctions,"  and 
consequently  "new  general  creations."  So  far  as  the  few 
thousand  years  of  man's  personal  observation  extend,  the 
current  epoch  is  as  mutable  as  any  of  the  epochs  that  pre- 
ceded, and  yet  so  gradual  have  its  extinctions  and  creations 
taken  place,  that  science  can  scarcely  corroborate  the  one,  and 
has  as  yet  failed  to  detect  the  other.  The  systems  of  the 
geologist  are  therefore  mere  concatenations  of  events  indi- 
cative of  certain  periods  of  time ;  and  as  nature  never  repeats 
herself,  each  period,  when  taken  at  sufficiently  distant  intervals, 
is  characterised  by  some  peculiar  forms  of  vitality,  the  while 
that  its  geTieral  life  merges  imperceptibly  into  that  of  the 
epoch  that  follows,  just  as  it  was  inseparably  interwoven 
with  that  which  preceded. 
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"  396.  By  a  study  of  the  systems  and  periods  of  the  geologist, 
we  arrive,  if  not  at  a  complete  history  of  the  globe,  at  all 
events  at  some  of  the  main  features  of  such  a  record.     And, 

First  of  all,  we  arrive  at  the  fact,  that  from  the  deposition 
of  the  first  stratified  rock  to  the  present  moment,  the  same 
kind  of  agencies  have  operated  on  and  modified  the  rock- 
materials  of  the  globe — that  then,  as  now,  sands  and  sand- 
stones, gravels  and  conglomerates,  silts  and  shales,  vegetable 
drift  and  animal  debris,  were  accumulated  and  consolidated 
precisely  in  the  same  way,  and  by  similar  agencies.  How  far 
these  agents  acted  with  greater  intensity  during  former  epochs, 
or  were  subject  to  alternating  periods  of  violence  and  repose, 
has  been  already  considered. 

2c?,  That  then,  as  now,  the  world  had  its  oceans  and  con- 
tinents, its  seas  and  islands,  its  lakes  and  rivers  and  estuaries, 
its  valleys  and  plains  and  hills — the  one  being  wasted  and 
worn  down,  the  other  forming  basins  of  reception  for  the 
transported  material.  With  regard  to  the  areas  and  succes- 
sive distributions  of  these,  the  stratified  formations  afford  us 
some  idea,  though  repeated  upheavals  and  depressions  render 
the  mapping  out  of  these  ancient  seas  and  lands  a  difficult,  if 
not  an  impossible  task.  All  that  we  can  arrive  at  is  a  mere 
approximation ;  but  vague  as  this  approximation  ijaa.^  \i<i^^J^» 
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is  sufficient  to  confute  the  hypothesis  entertained  by  some 
geologists  of  an  all  but  "  universal  ocean "  at  any  epoch  of 
the  earth's  history,  and  to  establish  the  fact  that  continents 
and  islands,  seas,  gulfs,  and  estuaries,  of  various  dimensions, 
and  variously  distributed,  existed  throughout  all  the  stratified 
systems,  as  they  do  now.  It  is  true,  we  can  note  the  in- 
crements of  existing  continents,  and  point  to  a  time  when  they 
rose  as  mere  shallow  shoak  and  clusters  of  islands ;  but  we 
cannot  trace  the  dimensions  of  the  continents  now  submerged 
beneath  the  ocean,  nor  trace  the  course  of  the  rivers  that  bore 
from  their  hills  and  plains  the  sediments  that  went  to  form 
the  increments  in  question.  The  idea  of  "  seas  of  unfathom- 
able depth  "  as  applicable  to  any  period  of  the  earth's  history 
more  than  another,  is  also  untenable — ^littoral  conglomerates 
and  sandstones,  shallow  shell-beds,  and  deeper  coral-growths 
being  common  to  every  formation,  from  the  Cambrian  up  to 
the  latest  Post-tertiary. 

3(Z,  That  then,  as  now,  while  certain  regions  enjoyed  quies- 
cence and  repose,  others  were  upheaved  and  convulsed  by 
igneous  commotion ;  but  we  have  as  yet  no  certain  proof, 
though  many  facts  seem  to  favour  the  belief,  that  igneous 
manifestations  were  either  more  general  or  more  frequent 
during  the  earlier  epochs  of  the  world.  Could  we  establish 
the  fact  of  the  earth  having  cooled  down  from  a  state  of 
molten  incandescence  to  its  present  temperature,  the  greater 
intensity  of  igneous  action  during  earlier  eras  would  form  part 
and  parcel  of  the  problem.  As  it  is,  we  can  only  admit  the 
probability  of  such  conditions,  and  look  to  the  most  gigantic 
hill-ranges  as  the  growth  of  ages — ^the  tertiary  manifestations 
of  the  Alps  out  rivalling  in  grandeur  and  altitude  the  primeval 
ridges  of  the  Dofrafelds  or  Grampians. 

4th,  That  then,  as  now,  the  earth  was  enveloped  by  an 
atmosphere,  had  its  clouds  and  rains,  its  sunshine  and  showers, 
had  its  seasons  of  growth  and  periods  of  repose ;  and  though 
many  facts  seem  to  favour  the  idea  of  a  uniform  and  equable 
climate  over  more  extensive  regions  during  the  earlier  epochs, 
and  it  may  be  even  some  slight  change  in  the  composition  of 
the  atmosphere,  geology  has  yet  no  direct  proof  to  offer,  and 
must  content  itself  by  merely  admitting  the  probability  of 
such  conditions  and  contingencies.  The  areas  in  which  the 
plants  of  the  Carboniferous  period  flourished  must  have 
enjoyed  a  mean  temperature,  it  has  been  calculated,  of  at 
least  22°  Reaumur,  and  the  mean  temperature  of  the  globe 

ow  from  12°  to  16°  leaa-,  but  it  is  far  from  being  proved 
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that  the  coal -plants  flourished  universally,  or  were  even  of 
tropical  or  sub-tropical  character.  On  the  contrary,  the  more 
we  know  and  study  the  relations  of  ^^ 

our  coal-fields  and  their  fossils  (to  say  -^   / 

nothing  of  the  fact  that  available  coal- 
fields occur  in  the  oolite,  chalk,  and  1 
tertiaries  of  other  regions),  the  more  "^^^     S 
we  are  constrained  to  aoandon  the  \  ^ 
idea  of  tropical  warmth,  and  to  adopt  ;  r§ 
the  belief  in  only  a  moist  and  uniform                       y  '| 
climate,  favoured  by  geographical  con-            >;    ''^^ 
ditions  of  river-swamps,  estuarine  and            g  / 
marine  j  ungles,  and  far-spreading  mud-           |  V^ 
flats,  over  which^  peculiar  and  rapidly-           ^     ^^^ 
growing  vegetation  flourished,  decayed,                       ^^^     . 
and  flourished  for  ages  of  slow  terres-                          \  ^ 
trial  subsidence.     Again,   instead    of                         /  6 
the   earth  having    eiyoyed  a  higher                    ^^^^ 
temperature  in  earlier  epochs,  or  hav-       .      .   /' 
ing  been   superficially  influenced  by      |    J  I  g 
its  internal  heat,  we  have  every  reason     |    |\                 € 
to   suspect  the   recurrence  of  colder     "            *'*h^           ^ 
and  warmer  cycles  in   obedience  to      g                 *%^  |    g 
some  great  cosmical  law — ^these  colder      «                    )  I    § 
cycles  being  evidenced  by  the  azoic     ^                  /  £    ^ 
grits  of  Cambria,  the  scanty  flora  and            g      ^'"^ 
fauna  of  the  Old  Red  conglomerates,            |  /^ 
the  Permian  breccias,  the  drift-blocks            ^  \ 
of  the  Chalk,  and  the  boulder-clays  of            %  ^^^ 
the  Pleistocene  epoch — the  intermedi-            q       ^^^ 
ate  warmer  cycles  over  the  same  areas                        ^  % 
marking  the   Silurian,    Coal,    Oolite,                           /  ^ 
and  earlier  Tertiaries.     We  have  also                      ^/  o 
further  evidence  of  seasons  as  well  as             .    ^'^ 
of  ci/cles  of  ungenial  climate,  the  con-            .g  / 
if  erae  of  the  secondary  strata  exhibit-            ^  » 
ing  larger  and  smaller  concentric  rings            ^    V,^ 
— ^the   effects  of  favourable  and  im-                      ^^^     g 
favourable  influences.                                                     \  '§ 
$th,  That    during    all    epochs,    as                        /    | 
at    present,    the    earth    and    waters                     ^     ^ 
were  tenanted  by  various  families  of  plants  and  animals, 
distributed  by  the  laws  which  now  regulate  their  existing 
provinces,  and  fitted  to  perform  analogous  fuxictiot^  ycl  *Oask 
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economy  of  nature.  It  is  true  that  as  we  descend  into  the 
rocky  crust,  we  arrive  at  a  stage  (the  metamorphic  strata) 
where  plants  and  animals  do  not  seem  to  have  existed;  but 
on  this  point  the  evidence  is  merely  negative,  and  geology 
cannot  say  with  certainty  that  life  was  not  coeval  with  the 
globe  itself,  or  at  all  events  with  the  first-formed  sedimentary 
rocks,  though  the  presumption  is  that  plants  and  animals  were 
not  called  into  existence  till  about  the  dawn  of  the  Laurentian 
era,  when  terrestrial,  meteorological,  and  oceanic  conditions 
were  sufficiently  favourable  for  their  maintenance.  At  whatever 
stage  the  first  creation  of  plants  and  animals  took  place,  one 
type  and  plan  of  being  has  ever  run  throughout  the  whole ; 
analogous  functions  have  had  to  be  performed ;  and  the  various 
biological  provinces  have  been  peopled,  partly  by  identical, 
and  partly  by  representative  species. 

6th,  The  origin  of  life  necessarily  implies  the  fitness  of  the 
globe  for  its  sustenance,  and  on  this  point  the  geologist  is 
compelled  to  entertain  the  hypothesis,  whether  the  globe  has 
not  gradually  cooled  down  from  a  state  of  molten  incandescence 
to  its  present  temperature.  On  this  head  it  must  be  admitted 
that  science  is  deficient  in  direct  evidence,  though  the  facts 
adduced  in  Chapter  II.  go  far  to  sustain  the  belief  of  such  a 
gradual  refrigeration,  and  the  consequent  introduction  of  life 
at  the  stage  compatible  with  its  existence.  If  such  has  been 
the  case,  the  internal  heat  must  have  been  felt  more  sensibly 
at  the  surface  than  now,  and  hence  a  more  equable  and  uni- 
form climate  all  over  the  globe ;  but  of  such  a  higher  and 
more  equable  temperature  we  have  certainly  no  evidence  since 
the  deposition  of  the  earliest  fossiliferous  strata.  Since  then, 
the  outward  or  atmospheric  temperature  of  the  earth  has  not 
been  sensibly  affected  by  its  internal  heat,  the  materials  of 
the  crust  being  such  bad  conductors  that,  according  to  the 
calculations  of  the  ablest  physicists,  the  influence  of  the  interior 
heat  on  that  of  the  exterior  cannot  exceed  ^V  or  ^  of  a  degree 
per  annum.  And  let  it  also  be  observed,  that  it  by  no 
means  follows  uniformity  of  climate  should  be  accompanied 
by  identity  of  species ;  on  the  contrary,  while  it  is  admitted 
that  a  general  facies  pervades  the  flora  and  fauna  of  tropical 
America,  tropical  Africa,  and  tropical  India,  the  species  are 
there  quite  as  distinct  and  peculiar  as  they  are  in  biological 
provinces  the  most  distant  and  cKmatologically  different. 

jth,  As  each  system  is  characterised  by  its  own  peculiar 
plants  and  animals,  the  question  naturally  arises  whether 
these  are  indepeiident  creations,  or  whether  there  is  in  nature 
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some  law  of  development  by  which,  during  the  lapse  of  ages, 
and  under  change  of  physical  condition,  the  lower  may  not  be 
developed  into  higher  species,  and  the  simpler  into  the  more 
complex.  On  this  topic  much  has  been  said  and  written,  but, 
after  all.  Geology  is  not  in  a  position  to  solve  the  problem  of 
vital  gradation  and  progress.  .  It  cannot  tell,  for  example, 
why  trilobites  should  have  flourished  so  profusely  during  the 
Silurian  epoch,  and  have  died  out  before  the  deposition  of  the 
oolite ;  why  chambered  cephalopods  should  have  culminated, 
as  it  were,  during  the  liassic  era,  reptilian  life  during  the  oolite 
and  chalk ;  or  why  mammalian  development  should  have  been 
reserved  to  the  tertiary  and  current  epochs.  All  that  it  can 
assert,  and  assert  with  some  degree  of  confidence,  is,  that  while 
the  higher  races  seem  to  have  followed  the  lower  in  point  of 
time,  there  is  no  evidence  that  the  higher  types  of  an  order 
always  succeeded  the  lower;  on  the  contrary,  many  of  the 
earlier  moUusca,  crustaceans,  and  fishes,  were  of  more  complex 
organisation  than  those  of  the  same  families  now  peopling  ex- 
isting waters.  This  much,  however,  is  certain,  that  through- 
out the  whole  evolution  of  plant  life  and  animal  life  there  has 
been  an  ascent  in  the  main ;  that  is,  the  higher  classes  suc- 
ceeded the  lower,  and  this  not  by  new  creations,  but  by  modi- 
fication and  development  of  the  same  primal  type-plans. 

8^A,  The  study  of  life,  palaeontologically  regarded,  neces- 
sarily involves  the  creation  and  first  appearance  of  Man  on 
the  globe ;  and  on  this  subject  much  discussion  has  taken 
place,  unprofitable  alike  to  science  and  to  the  cause  of  Chris- 
tian theology.  So  far  as  geological  evidence  goes,  we  have 
no  trace  of  man  or  of  his  works  till  we  arrive  at  the  Super- 
ficial Accumulations  —  the  coral  conglomerates,  the  bone- 
breccias,  the  cave-deposits,  the  river-gravels,  lake-silts,  and  the 
peat-mosses — of  the  current  epoch.  It  is  true  that,  so  far  as 
the  earlier  formations  are  concerned,  the  evidence  is  purely 
negative ;  but,  taking  into  account  all  that  palaeontology  has 
revealed  touching  the  other  families  of  animated  nature, 
the  fair  presumption  is  that  Man  was  not  called  into  being 
till  the  commencement  of  the  current  geological  era,  and 
about  the  time  when,  in  the  northern  hemisphere,  the  sea  and 
land  received  their  present  configuration,  and  were  peopled  by 
those  genera  and  species  which  (with  a  few  local  removals  and 
stiU  fewer  extinctions)  yet  adorn  their  forests  and  inhabit 
their  lands  and  waters.  And  here  it  may  be  observed  that, 
wherever  he  makes  his  appearance,  his  beginnings  are  of  a 
rude  and  primitive  nature — a  hunter  and  ^alist,  ^  ^^^\.  ^s^. 

2  G 
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caves  and  wigwams,  a  user  of  stone  and  wooden  implements, 
a  savage,  in  fact,  and  not  nnf requently  a  cannibal,  always  and 
in  every  region  working  his  way  slowly  and  unequally,  accord- 
ing to  external  conditions  and  genius  of  race,  upwards  and 
onwards  to  civilisation  and  refinement. 

()th.  Whatever  may  have  been  the  creational  development 
of  plants  and  animals,  the  groups  and  systems  of  Geology 
afford  irrefragable  evidence  of  the  lapse  of  vast  epochs  and 
cycles  of  time.  The  idea  of  immeasurable  duration  is  at  once 
suggested  by  an  examination  of  the  stratified  rocks — the  fact 
of  their  being  built  up  from  the  waste  of  pre-existing  rocks — 
their  innumerable  alternations,  their  thickness,  their  repeated 
laminations,  the  alternation  of  marine  with  fresh-water  beds, 
their  upheaval  into  dry  land  and  subsequent  submergence 
again  and  again,  the  various  races  that  have  lived  and  grown 
and  been  entombed  in  them,  system  after  system — all  this, 
and  much  more  that  will  readily  suggest  itself  to  the  student, 
must  convince  him  beyond  doubt  of  the  almost  inconceivable 
duration  of  geological  time.  To  attempt  to  compute  this  time 
by  years  and  centuries  is  altogether  futile ;  we  can  only 
faintly  indicate  its  vastness  by  the  use  of  indefinite  terms, 
as  "eras"  and  "epochs,"  "cycles"  and  "systems."  Many 
ingenious  calculations  have  no  doubt  been  made  to  approxi- 
mate the  dates  of  certain  geological  events,  but  these,  it  must 
be  confessed,  are  more  amusing  than  instructive.  For  ex- 
ample, so  many  inches  of  silt  are  yearly  laid  down  in  the  delta 
of  the  Mississippi — how  many  centuries  wiU  it  have  taken  to 
accumulate  a  thickness  of  30,  60,  or  100  feet  ?  Again,  the 
ledges  of  Niagara  are  wasting  at  the  rate  of  so  many  feet  per 
century — how  many  years  must  the  river  have  taken  to  cut  its 
way  back  from  Queen stown  to  the  present  Falls]  Again, 
lavas  and  melted  basalts  cool,  according  to  the  size  of  the 
mass,  at  the  rate  of  so  many  degrees  in  a  given  time — ^how 
many  millions  of  years  must  have  elapsed,  supposing  an 
original  igneous  condition  of  the  earth,  before  its  crust  had 
attained  a  state  of  solidity  1  or  further,  before  its  surface  had 
cooled  down  to  the  present  mean  temperature?  For  these 
and  similar  computations,  the  student  will  at  once  perceive 
we  want  the  necessary  uniformity  of  factor ;  and  until  we  can 
bring  Elements  of  calculation  as  exact  as  those  of  astronomy 
to  bear  on  geological  chronology,  it. will  be  better  to  regard 
our  "eras"  and  "epochs"  and  "systems"  as  so  many  terms, 
indefinite  in  their  duration,  but  sufficient  for  the  magnitude 
o{  the  operations  embraced  mWmv  tkeii  limits. 
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lothy  On  the  whole,  these  groups  and  systems  of  the  geol- 
ogist— ^imperfectly  interpreted  as  they  yet  undoubtedly  are — 
present  a  long  series  of  mineral  mutations,  and  of  vital  grada- 
tion and  progress.  Not  progress  from  imperfection  to  perfec- 
tion, but  from  humbler  to  more  highly  organised  orders,  as  if 
the  great  design  of  nature  had  been  to  ascend  from  the  simpler 
conception  of  materialism  to  the  higher  aims  of  mechanical 
combination,  from  mechanism  to  the  subtler  elimination  of 
mind,  and  from  mentalism  to  the  still  nobler  attribute  of 
moralism,  as  developed  alone  in  the  intellect  and  soul  of 
man.  From  the  lowly  sea-weeds  of  the  silurian  strata  and 
marsh-plants  of  the  old  red  sandstone,  we  rise  (speaking  in 
general  terms)  to  the  prolific  club-mosses,  reeds,  ferns,  and 
gigantic  endogens  of  the  coal-measures;  from  these  to  the 
palms,  cycads,  and  pines  of  the  oolite ;  and  from  these  again  to 
the  exogens  or  tru^  timber-trees  of  the  tertiary  and  current 
eras.  So  also  in  the  animal  kingdom  :  the  graptolites  and 
trilobites  of  the  silurian  seas  are  succeeded  by  the  higher 
Crustacea  and  bone-clad  fishes  of  the  old  red  sandstone ;  these 
by  the  sauroid  fishes  and  amphibians  of  the  coal-measures; 
the  sauroid  fishes  and  amphibians  by  the  gigantic  saurians, 
reptiles,  and  marsupials  of  the  oolite ;  the  reptiles  and  mar- 
supials of  the  oolite  by  the  huge  mammalia  of  the  tertiary 
epoch;  and  these  in  time  give  place  to  existing  species,  with 
Man  as  the  crowning  form  of  created  existence.  This  idea  of 
gradation  implies  not  only  an  onward  change  among  the  rock- 
materials  of  the  earth,  but  also,  as  plants  and  animals  are  in- 
fluenced in  their  forms  and  distributions  by  external  causes, 
new  phases  and  arrangements  of  vitality — the  creation  of  new 
species,  and  the  dropping  out  of  others  from  the  great  scheme 
of  animated  nature.  And  such  is  the  fact  even  with  respect 
to  the  current  era.  The  mastodon,  mammoth,  and  other  huge 
pachyderms  that  lived  from  the  tertiary  into  the  modern 
epoch,  have  long  since  become  extinct,  leaving  their  bones  in 
the  silts  and  sands  of  our  valleys.  The  elk,  reindeer,  urus, 
bear,  wild-boar,  wolf,  and  beaver,  are  now  extinct  in  Britain ; 
and  what  takes  place  in  insular  districts  must  also  occur, 
though  more  slowly,  in  continental  regions.  The  dodo  of  the 
Mauritius,  the  dinomis  of  New  Zealand,  and  the  rhytina  of 
Behring  Isle  are  now  matters  of  history;  and  the  same  causes 
that  led  to  the  extinction  of  these,  seem  hurrying  onward  to 
the  obliteration  of  the  beaver,  ostrich,  apteryx,  elephant,  kan- 
garoo, and  other  animals  whose  circumscribed  proviacft.%  ^ct^e^ 
gradually  being  broken  in  upon  by  wsr^  coTi<^\i\syaa. 
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nth,  In  reasoning  on  the  causes  which  have  led  to  the  ex- 
tinction of  races,  we  must  not  lose  sight  of  the  speculation 
that  species,  like  individuals,  may  have  had  a  limit  of  duration 
assigned  to  them  from  the  beginning,  and  that  this  limit  may 
be  attained  even  while  all  extraneous  causes  remain  quiescent 
and  stationary.  "Attempts  have  been  made,"  says  Professor 
Owen,  "  to  account  for  the  extinction  of  the  race  of  northern 
elephants  (the  mammoth  of  Siberia)  by  alterations  in  the 
climate  of  their  hemisphere,  or  by  violent  geological  catas- 
trophes, and  the  like  extraneous  physical  causes.  When  we 
seek  to  apply  the  same  hypothesis  to  explain  the  apparently 
contemporaneous  extinction  of  the  gigantic  leaf-eating  mega- 
therium of  South  America,  the  geological  phenomena  of  that 
continent  appear  to  negative  the  occurrence  of  such  destruc- 
tive changes.  Our  comparatively  brief  experience  of  the  pro- 
gress and  duration  of  species  within  the  historical  period,  is 
surely  insufficient  to  justify,  in  every  case  of  extinction,  the 
verdict  of  violent  deaths.  With  regard  to  many  of  the  larger 
mammalia,  especially  those  that  have  passed  away  from  the 
American  and  Australian  continents,  the  absence  of  sufficient 
signs  of  extensive  extirpating  change  or  convulsion  makes  it 
almost  as  reasonable  to  speculate  with  Brocchi  on  the  possi- 
bility that  species,  like  individuals,  may  have  had  the  cause  of 
their  death  inherent  in  their  original  constitution,  indepen- 
dently of  changes  in  the  external  world ;  and  that  the  term 
of  their  existence,  or  the  period  of  exhaustion  of  the  prolific 
force,  may  have  been  ordained  from  the  commencement  of 
each  species."  The  Law  of  Progression  seems  governed  by 
many  factors;  and  though  some,  like  physical  conditions, 
variation,  natural  selection,  and  embryonic  changes,  are 
sufficiently  obvious,  others  equally  potent  may  still  lie  beyond 
the  grasp  of  scientific  investigation. 

i2thf  The  removal  and  extinction  of  species,  taken  in  con- 
nection with  the  physical  changes  that  are  continually  taking 
place  on  the  surface  of  the  globe,  necessarily  lead  to  specula- 
tions as  to  the  conditions  and  phases  of  the  Future.  Respecting 
these,  however,  it  were  in  vain  to  offer  even  the  widest  conjec- 
ture. Subjected  as  our  planet  is  to  the  numerous  modifying 
causes  already  described,  we  know  that  vast  changes  are  now 
in  progress,  and  that  the  present  aspect  of  nature  will  not  be  the 
same  as  those  she  must  assume  in  the  eras  that  are  to  follow. 
But  what  may  be  the  nature  and  amount  of  these  changes,  what 
the  new  conditions  brought  about  by  them,  or  what  the  races 
of  piants  and  animals  adei.^\>^^  \a  >0&l<^^  ^.^wditions,  science  has 
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yet  no  available  means  of  determining.  This  only  the  philo- 
sophical mind  rests  assured  of,  that  as  in  the  Past  the  changes 
were  always  gradual  and  local,  and  the  newer  phases  ever  bore 
a  certain  appreciable  relation  to  those  that  went  before,  so  in 
the  Future  we  may  rely  on  a  similar  gradation,  and  believe 
that  the  diflferences  between  the  phases  yet  to  be  wiU  never 
exceed  those  Geology  has  discovered  between  any  two  succes- 
sive epochs ;  and  that,  as  throughout  the  whole  of  the  past,  so 
throughout  the  whole  of  the  future,  the  great  cosmical  design 
which  Science  now  labours  to  reveal,  will  be  steadily  upheld 
by  the  omniscient  omnipotence  of  Him  "with  whom  is  no 
variableness,  neither  shadow  of  turning." 

397.  From  the  generalisations  attempted  in  the  preceding 
paragraphs  the  student  cannot  fail  to  perceive  the  imperfect 
but  progressive  state  of  his  science — to  discover  how  much 
has  been  done,  but  how  much  more  remains  to  be  accom- 
plished.    To  this  desirable  object  he  will  best  contribute  by 
diligently  collecting  new  facts,  and  rigidly  observing  the  rules 
of  correct  induction.     There  is  little  to  be  gained  by  indulg- 
ing in  surmise  and  hypothesis,  however  curious  and  ingenious, 
unless  they  are  based  on  observed  facts  and  actual  phenomena. 
So  founded,  they  may  lead  in  time  to  a  correct  theory  of  the 
earth,  and  such  a  theory  is  the  legitimate  end  of  all  geological 
inquiry.     The  curious  in  these  matters  may  readily  indulge 
their  curiosity  by  such  'Theories  of  Creation'  as  those  of 
Woodward,  Whiston,  Burnet,  BuflPon,  Cuvier,  and  many  others 
of  lesser  note.     On  the  subject   of  vital   development,  the 
student  may  refer  to  the  writings  of  Lamarck ;  *  Vestiges  of 
the  Natural  History  of  Creation,'  an  anonymous  attempt  to 
popularise  the  Lamarckian  hypothesis ;  Hugh  MiUer's  *  Foot- 
prints of  the  Creator;'  Darwin's  *  Origin  of  Species;'  Wallace 
on  *  Natural  Selection ; '  Mivart's  *  Origin  of  Species ; '  and  to 
many  able  papers  on  the  subject  in  the  *  Edinburgh,'  *  British 
Quarterly,'   and   *  North    British  *    Keviews,    in    *  SiUiman'sr 
Journal,*  and  other  periodicals,  called  forth  by  the  appearance 
of  the  *  Vestiges'  in  1844,  and  the  *  Origin  of  Species'  in 
i860,  and  attributed  to  the  pens  of  Professor  Sedgwick,  Sir 
David  Brewster,  Professor  Hitchcock,  Dr  Asa  Gray,  Agassiz, 
and  ^others.     Of  higher  import  than  these,  and  founded  on 
more  thorough  scientific  acquaintance  with  the  subject,  are — 
a  paper  *  On  Life  and  its  Successive  Developments,'  by  Pro- 
fessor Owen,  in  the  89th  volume  of  the  *  Quarterly  Review ;' 
and  deeper  and  fuller  still,  the  magniftceivV.  *  'Ei'aaia:^  ovv  ^^j^s^- 


47° 


OENEILAL  EBVIEW. 


fication,'  by  Frofessor  Agassiz.  On  the  general  state  of  geo- 
logical theory,  the  student  will  find  important  hints  in  the 
'Manuals'  of  Phillips  and  Lyell,  in  De  la  Beche'a  'Theoreti- 
cal Qeolc^,'  in  the  'Theoretical  Kesearclies '  of  Professor 
Bischoff  of  Boon,  and  iu  an  admirable  paper  entitled  "  Geo- 
logy," by  Mr  Hopkins,  in  the  'Cambridge  Essays'  for  1857. 
On  the  whole — and  we  again  repeat  it — he  will  be  better 
employed  in  dealing  with  fact  and  description,  and  avoiding 
hypothesia  and  speculation,  for  which  the  state  of  the  science 
is  yet  but  veiy  slenderly  prepared. 
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PRACTICAL  PBOCEDUBE. 

398.  Like  other  branches  of  natural  history,  Geology  has 
its  economic  as  well  as  its  scientific  aspects.  In  a  theoretical 
or  purely  scientific  point  of  view,  we  have  seen  the  high 
intellectual  aim  and  universal  interest  of  its  problems ;  in  a 
practical  sense,  its  importance  is  not  less  immediate  to  civil- 
ised nations,  whose  wealth,  progress,  and  comfort  depend  so 
largely  on  a  knowledge  of  those  minerals  and  metals,  without 
which  perfection  in  the  arts  and  manufactures  would  be  alto- 
gether unattainable.  In  the  present  chapter  we  shall  there- 
fore indicate  to  the  student  the  main  practical  bearings  of  the 
science,  leaving  him  to  gather  from  works  on  Mining,  Engin- 
eering, Metallurgy,  Architecture,  and  Agriculture — from  works 
on  Technology,  in  fact — all  that  relates  to  its  industrial  and 
commercial  details.  Throughout  the  work  we  have  adverted 
to  the  economic  products  derived  from  the  respective  systems, 
more  with  a  view  to  familiarise  the  student  with  their  litho- 
logy,  than  to  inculcate  lessons  on  practical  geology;  yet, 
slight  as  our  indications  have  been,  enough  has  been  given  to 
show  how  vast  and  valuable  the  substances  derived  from  the 
crust  of  the  earth,  and  how  varied  their  applications  in  the 
industry  of  civilised  nations.  While  it  is  desirable,  therefore, 
that  every  educated  mind  should  possess  some  acquaintance 
with  the  leading  facts  of  the  science,  a  knowledge  of  its  prin- 
ciples becomes  indispensable  to  the  miner,  the  engineer,  the 
builder,  the  farmer,  and  land- valuator,  the  landscape-gardener, 
the  artist,  and  the  geographer  on  whom  we  rely  for  correct 
and  available  descriptions  of  foreign  and  unknown  lands.  It 
is  necessary,  however,  to  draw  a  clear  line  of  distinction  be- 
tween the  duties  of  the  practical  or  consulting  geologist,  and 
those,  for  example,  of  the  miner,  tk^  ew^xiftet,  ot  \ycS^««., 
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The  one  collects  facts,  and  establishes  therefrom  certain 
generalisations ;  the  others  merely  avail  themselves  of  these 
generalisations,  and  apply  them  to  their  own  special  require- 
ments. As  the  sailor  navigates  his  vessel  by  the  data  of  the 
mathematician  and  astronomer,  without  holding  them  respon- 
sible for  the  mischances  of  shipwreck,  so  ought  the  miner  and 
engineer  to  found  their  plans  on  the  conclusions  of  the  geol- 
ogist, without  involving  his  science  in  the  blunders  or  failures 
of  their  execution.  The  student  who  wishes  to  go  more 
minutely  into  the  practical  aspects  of  his  science  may  consult 
the  author's  manual  of  *  Economic  Geology,  or  Geology  in  its 
relations  to  the  Arts  and  Manufactures,'  where  he  will  find 
the  subject  treated  more  methodically  and  in  greater  detail 
than  can  possibly  be  here  attempted. 


Mining — Engineering— Building. 

399.  Deriving  all  our  mineral  and  metallic  treasures — our 
coal  and  iron,  our  gems  and  precious  metals — from  the  crust 
of  the  earth,  it  is  of  vast  utility  to  be  able  to  discriminate 
between  mineral  substances,  to  determine  in  what  formations 
they  occur,  how  they  occur,  and  with  what  facilities  they  can 
be  obtained.  The  miner  cannot  proceed  a  step  in  safety 
without  the  guidance  of  mineralogy  and  geology;  and  though 
mining  existed  long  before  the  truths  of  science  assumed  a 
technical  aspect,  yet  do  its  operations  proceed  with  certainty 
and  precision  only  in  proportion  to  the  advancement  of 
scientific  generalisation.  The  operations  of  the  miner  come 
under  three  grand  categories— digging  in  superficial  clays  and 
gravels,  like  the  stanniferous  debris  of  Cornwall  and  the 
auriferous  deposits  of  California  and  Australia;  mining  in 
stratified  formations,  as  for  coal  and  ironstone ;  or  following 
after  those  metalliferous  veins  that  traverse  the  crust  in 
vertical  and  highly-inclined  positions.  In  other  words,  his 
labours  are  restricted  to  placer-working^  to  strata^mining^  or 
to  veinrmining ;  and  while  each  of  these  may  require  different 
methods  and  appliances,  a  knowledge  of  which  belong  specially 
to  his  vocation,  the  positions  of  the  minerals  and  metals,  their 
modes  of  occurrence,  their  continuity  and  persistency,  and  the 
circumstances  connected  with  their  origin  which  may  influ- 
ence one  or  all  of  these,  are  matters  that  belong  to  correct 
geological  deduction.  Having  determined,  for  example,  the 
age  of  certain  mo\mtam-i2biv^<ei^,  the  geologist  can  predict 
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whether  the  river-drift,  which  in  course  of  time  has  been 
borne  from  their  cliffs  and  ridges,  is  auriferous  or  barren ; 
having  examined  a  few  fossil  stems  and  leaves  of  a  coal  dis- 
trict, he  can  tell  with  unerring  certainty  whether  it  belongs  to 
the  carboniferous,  the  oolitic,  or  cretaceous  epoch,  and  so 
predicate  as  to  the  extent,  persistency,  and  value  of  its  coal- 
beds;  or  having  ascertained  the  directions  of  the  leading 
lodes  and  cross-veins  in  any  metalliferous  district,  and  their 
relative  ages,  he  can  arrive  at  a  pretty  accurate  estimate  of 
their  richness  and  value.  Without  this  geological  know- 
ledge, square  miles  of  gravel  have  been  turned  over  with- 
out discovering  a  single  nugget ;  and  thousands  have  been 
spent  in  the  fruitless  search  for  coal  where  coal  was  never 
deposited.  To  the  non  -  geological  miner  a  red  sandstone 
is  a  red  sandstone  and  nothing  more;  but  whether  above 
or  beneath  the  coal  he  is  in  search  of,  he  cannot  tell.  To 
the  geologist,  on  the  other  hand,  the  head  of  a  cepkalaspis, 
or  the  scale  of  a  lioloptychius,  decides  the  question,  and  the 
"  red  sandstone  "  becomes  pregnant  with  hope,  or  holds  out 
the  warning  to  proceed  no  farther  in  fruitless  explorations. 
Besides  determining  the  position  in  which  coal,  ironstone, 
and  other  useful  strata  occur,  geology  can  direct  the  miner 
through  all  those  obstructions  occasioned  by  faults,  dykes, 
slips,  and  the  like;  for  even  these,  irregular  as  they  seem, 
bear  certain  evidence  of  their  direction — upthrow  or  down- 
throw— which  the  experienced  eye  can  readily  detect.  As 
with  the  minerals  of  commerce  that  occur  in  strata,  so  to  a 
certain  extent  with  the  ores  of  lead,  copper,  tin,  silver,  and 
gold,  which  are  found  in  veins  and  lodes.  These  veins  follow 
certain  courses  in  relation  to  the  great  axis  of  elevation  with 
which  they  are  associated,  are  interrupted  by  cross  dykes 
and  veins,  are  thrown  up  or  down  by  dislocations — all  of 
which  an  experienced  geologist  can  determine  and  lay  down 
in  his  map,  so  as  to  save  much  fruitless  waste  of  labour  and 
capital,  or,  what  is  often  els  necessary,  to  prevent  unprincipled 
gambling  and  ruinous  speculation. 

400.  The  importance  of  geological  knowledge  to  the  dvil 
engineer — ^to  the  constructor  "of  roads,  railways,  canals,  and 
harbours,  the  excavator  of  tunnels,  the  sinker  of  wells,  and 
the  water-supplier  and  drainer  of  cities — is  so  obvious,  that 
the  fact  requires  little  illustration.  Possessed  of  a  carefully- 
constructed  lithological  map,  on  which  are  delineated  the 
various  kinds  of  strata,  their  dip,  strike,  and  other  particulars, 
the  engineer  who  can  read  these  facts  aright  has^  ^  ^n^;:^^'^  ^so^  ^ 
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than  the  scanty  and  scattered  data  of  his  own  boring-rod. 
He  sees  at  once  the  nature  of  the  rocks  through  which  his 
work  has  to  pass — whether  road,  railway,  or  canal ;  can  esti- 
mate with  certainty  the  expense  of  construction,  and  avail 
himself  of  minerals  which  he  knows  must  lie  in  the  vicinity; 
while  one  ignorant  of  geological  truths  would  blindly  pass  by 
such  advantages.  In  fixing  a  line  of  road  or  ]:ailway,  the 
geological  engineer  will  avail  himself  not  only  of  facilities  for 
present  construction,  but  calculate,  from  his  lithological  know- 
ledge of  the  district,  for  the  future  benefit  of  those  concerned 
in  the  undertaking.  In  the  case  of  canals,  moreover,  where 
retention  of  water  is  indispensable,  the  geologist  can  efTec- 
tually  aid  in  the  selection  of  a  route,  by  attending  to  the 
nature  and  dip  of  the  strata,  and  to  the  fractures  and  disloca- 
tions to  which  they  have  been  subjected.  He  is  enabled, 
from  his  knowledge  of  the  rocks  and  their  positions,  not  only 
to  prevent  waste  of  water,  but  to  select  a  route  where  fresh 
supplies  can  be  readily  obtained.  As  with  roads  and  canals, 
so  with  tunnels,  docks.  Artesian  wells,  supply  of  water  for 
towns,  and  other  undertakings  commonly  intrusted  to  the 
civil  engineer.  It  is  true  that  such  works  may  often  be  satis- 
factorily enough  completed  without  the  aid  of  geology,  but 
undoubtedly  a  knowledge  of  its  deductions  will  materially 
assist,  by  conferring  a  certainty  and  security  on  what  would 
otherwise  be  a  mere  patchwork  of  trial  and  error.  MM.  Elie 
de  Beaumont  and  Sismondi,  in  their  survey,  stated  that 
granite  would  be  met  in  the  tunnel  through  Mont  Cenis  at 
2  coo  metres  or  thereby  from  the  Italian  side ;  the  excavators 
struck  it  at  the  distance  of  2322  metres  !  We  have  seen,  for 
instance,  a  tunnel  carried  through  the  wet  and  highly-inclined 
strata  of  a  hiU  where  every  foot  had  to  be  arched  with  brick 
or  stone,  while  the  deviation  of  a  few  hundred  yards  would 
have  carried  the  same  through  rock-masses,  where  not  an  inch 
of  building  would  have  been  necessary.  In  ignorance  of  the 
limits  of  a  coal-field,  we  have  seen  a  railway  carried  along  the 
outskirts,  to  which  every  coal  proprietor  has  to  lay  down  miles 
of  tramway,  more  than  the  half  of  which  would  have  been 
saved  had  the  engineer  had  the*  necessary  knowledge  to  have 
adopted  a  central  course.  The  strata  of  the  London,  Hamp- 
shire, and  Paris  basins  are  now  so  well  known  to  geology, 
that  Artesian  wells  can  be  sunk  with  certainty  to  this  or  that 
stratum;  and  bo  with  every  other. district  whose  strata  have 
been  mapped  and  generalised  by  the  geologist.  Again,  in 
deciding  upon  the  coWecliu^-^eldiot  the  water-supply  of  large 
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towns,  a  knowledge  of  the  rocks  of  the  area  is  indispensable, 
so  that  deleterious  mineral  ingredients  may  be  avoided,  new 
lines  of  springs  tapped,  and  waste  by  subterranean  fissures 
and  faults  prevented.  As  with  the  leading  in  of  pure  water, 
so  with  the  carrying  out  of  that  which  has  become  impure 
and  deleterious ;  the  more  the  engineer  knows  of  the  rock- 
formations  of  the  district,  the  less  risk  he  runs  of  failure,  or 
of  incurring  an  unremunerative  and  ruinous  expenditure. 

401.  The  architect  and  builder  may  also  derive  important 
assistance  from  the  geologist,  both  as  regards  the  durability 
of  certain  rocks,  their  position,  and  the  facility  with  which 
they  may  be  obtained.  By  observing  the  effects  of  the 
weather  on  strata  exposed  in  cliffs  and  other  natural  sections, 
the  geologist  can  readily  pronounce  as  to  their  durability; 
while,  aided  by  the  analyses  of  the  chemist,  and  experiments 
on  their  power  of  resisting  pressure,  the  facility  with  which 
they  absorb  moisture,  their  quality  of  hardening  on  exposure 
to  the  air,  and  so  forth,  he  can  also  determine  their  fitness  for 
any  particular  structure.  The  amount  of  waste  shown  by  the 
various  stones  in  old  ecclesiastical  and  baronial  buildings  is 
another  safe  and  valid  test;  and  it  is  the  travelled  geologist — 
the  man  who  knows  the  rocks  of  a  district,  and  not  the  mere 
builder  —  who  can  point  to  the  locality,  nay,  to  the  very 
stratum,  whence  the  stones  of  the  buildings  were  quarried. 
In  Britain,  we  have  a  great  variety  of  building-stone,  as  the 
Bath  and  Portland  oolites,  the  marbles  of  Devonshire,  the  mag- 
nesian  limestones  of  Derby;  York,  and  Durham,  the  new  red 
sandstones  of  Liverpool  and  Carlisle,  the  carboniferous  sand- 
stones of  Yorkshire,  Newcastle,  Glasgow,  and  Edinburgh,  the 
old  red  sandstones  of  Perth,  Forfar,  and  Caithness,  the  granites 
of  Aberdeen,  and  the  basalts  and  porphyries  of  numerous  local- 
ities. Each  of  those  has  its  peculiar  quality  of  weight,  hard- 
ness, strength,  colour,  facility  of  being  tooled,  abundance  of 
supply,  and  so  forth ;  and  while  these  are  matters  for  the 
builder  and  engineer  to  test  and  decide,  still  there  are  many 
points  on  which  the  advice  of  the  geologist  may  be  taken 
with  obvious  advantage. 

Agriculture— Landscape-Gardening — Painting. 

402.  The  assistance  which  geology  is  calculated  to  confer 
on  the  science  of  agriculture,  though  somewhat  overrated  at 
one  time,  is  certainly  among  the  most  obvious  of  its  practical 
features.     All  fertile  soils  consist  of  two  claaaea  ol  \xi^^"$>SsKc&s» 
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— organic  and  inorganic ;  the  former  derived  from  the  decom- 
position of  vegetable  and  animal  matter,  the  latter  from  the 
disintegration  of  the  subsoil  or  of  the  subjacent  rock-masses. 
Without  a  certain  proportion  of  organic  matter  no  soil  can  be 
fertile,  hence  the  continuous  application  of  animal  and  vege- 
table manures;  but  it  is  equally  true  that  without  a  due 
admixture  of  inorganic  or  mineral  compounds  all  attempts  at 
its  permanent  improvement  will  be  fruitless.  All  the  mineral 
elements  essential  to  fertility  may  not  exist  in  the  soil  of  a 
particular  locality,  but  the  moment  that  chemical  analysis  has 
indicated  the  deficiency,  the  farmer  can  readily  obtain  the 
required  ingredient  from  some  other  district,  or  it  may  be 
from  the  subsoil  of  his  own  fields,  and  so  effect  the  permanent 
improvement  in  question.  To  do  this,  however,  he  requires 
to  know  not  only  the  chemical  composition  of  rocks  and  soils, 
but  the  precise  spots  they  occupy;  in  other  words,  he  must 
be  familiar  with  the  language  and  delineations  of  a  geological 
map  of  his  own  district,  and  know  the  lithological  peculiarities 
of  the  respective  formations.  We  have  already  stated  (par. 
344)  that  for  agricultural  purposes  two  sets  of  maps  are 
necessary — one  exhibiting  the  nature  and  area  of  the  super- 
ficial accumulations,  and  another  devoted,  as  usual,  to  the 
rock-formations  that  lie  below.  Aided  by  such  helps,  and 
sufficiently  acquainted  with  the  science  to  be  able  to  take 
advantage  of  their  assistance,  the  geological  farmer  has  a 
power  at  his  command  which  he  may  turn  to  the  best  account, 
either  in  the  permanent  improvement  of  the  soil  he  occupies, 
or  in  the  choice  of  a  farm  for  carrying  on  the  operations  of 
some  special  department  of  husbandry.  Besides  the  per- 
manent admixture  of  inorganic  substances,  there  are  other 
conditions  necessary  to  increased  fertility ;  such  as  facilities 
for  drainage,  capability  of  retaining  moisture,  the  innocuous 
nature  of  the  subsoil,  and  the  power  of  absorbing  and  retain- 
ing the  solar  heat.  Soil  overlying  trap  and  limestone  requires 
less  artificial  drainage  than  that  covering  the  coal-measures, 
the  new  red  marls,  or  wealden,  because  the  former  rocks  are 
traversed  by  numerous  joints  and  fissures  which  act  as  so 
many  natural  drain-pipes,  while  the  latter  are  chiefly  tenacious 
and  impervious  clays.  Again,  land  of  itself  dry  and  friable 
may  be  rendered  wet  by  springs  which  arise  along  some  line 
of  dislocation.  The  farmer  acquainted  with  the  deductions 
of  geology  would  cheaply  lead  off  these  springs  at  their  source, 
while  he  who  was  ignorant  would  laboriously  furrow-drain  his 
whole  field,  and  ^nd,  ailet  «X5i,\)aaX.\cs&^^  \k<^  kss  effectual 
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method  of  the  two.  Such  are  mere  indications  of  the  assist- 
ance which  geology  is  calculated  to  confer  on  agriculture — an 
assistance  very  apt  to  be  overrated,  however,  unless  the  farmer 
at  the  same  time  avail  himself  of  the  assistance  of  the  chemist, 
meteorologist,  and  vegetable  physiologist. 

403.  As  with  the  farmer,  so  with  the  laTid-valuator ;  and 
though  a  shrewd  practical  man  who  has  travelled  a  good  deal 
and  kept  his  eyes  open  to  points  of  amenity,  facilities  for 
market,  and  so  forth,  may  often  approximate  very  closely  to 
the  real  value  of  an  estate,  depend  upon  it  another  possessed 
of  the  same  shrewdness  and  experience,  and  skilled  in  the 
geological  bearings  of  the  district  to  boot,  will  be  much  the 
safer  guide.  In  fact,  without  a  knowledge  of  the  mineral 
structure  of  an  estate,  it  is  altogether  impossible  to  ascertain 
its  value ;  and  so  it  has  happened,  even  within  the  last  thirty 
years,  that  estates  have  been  sold  at  so  many  years'  purchase 
of  the  land-rent  merely,  and  in  total  ignorance  of  a  mineral 
wealth  that  might  have  been  fairly  suspected  from  the  most 
cursory  glance  of  a  geological  map  of  the  district.  It  may  be 
true  that  the  functions  of  the  land-valuator  are  altogether  dis- 
tinct from  those  of  the  mineral-surveyor,  and  that  the  report 
of  the  one  should  be  accompanied  by  the  report  of  the  other ; 
but  even  in  the  valuing  of  land  for  mere  agricultural  purposes, 
the  man  who  is  ignorant  of  the  mineral  facilities  of  a  district 
— its  natural  drainage,  limestones,  clays,  marls,  shell-sands, 
phosphates,  and  so  forth — can  give  but  a  very  uncertain  and 
unsatisfactory  opinion. 

404.  As  the  scenery  of  every  district  is  less  or  more  influ- 
enced by  its  geological  structure  and  formation,  a  knowledge 
of  these  formations  cannot  fail  to  be  of  use  to  the  landscape- 
gardener  and  artist.  "If,  in  order  to  draw  correctly  the 
human  figure,"  says  Mr  Ansted,  "it  is  desirable  to  be  ac- 
quainted with  the  anatomy  of  the  human  frame,  and  study 
the  hidden  cause  of  those  numerous  prominences  and  projec- 
tions which  give  character  and  expression  when  clothed  with 
flesh,  it  is  no  less  necessary  that  the  landscape-painter  should 
study  the  nature  and  conditions  of  rocks,  their  usual  forms, 
possible  modifications,  and  the  way  in  which  they  are  likely 
to  be  covered  up,  masked,  or  modified  by  atmospheric  and 
aqueous  action.  It  has  been  well  said,  by  the  author  of 
*  Modern  Painters,'  *  The  laws  of  the  organisation  of  the  earth 
are  distinct  and  fixed  as  those  of  the  animal  frame — simpler 
and  broader,  but  equally  authoritative  and  inviolable.  T\xsxt 
results  may  be  arrived  at  without  kiiO^\&d^<b  oi  'Osi<&  HssJ^xv^ss^ 
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mechanism ;  but  for  that  very  reason  ignorance  of  them  la  the 
more  disgraceful,  and  violation  of  them  more  unpardonable. 
They  are  in  landscape  the  foundation  of  all  other  truths — 
the  most  necessary,  therefore,  even  if  they  were  not  in  them- 
selves attractive.  But  they  are  as  beautiful  as  they  are  essen- 
tial ;  and  every  abandonment  of  them  by  the  artist  must  end 
in  deformity,  as  it  begins  in  falsehood.' "  Throughout  the 
work  we  have  drawn  attention  to  the  physical  features  of  the 
respective  formations,  and  here  we  need  only  observe  that 
the  artist  acquainted  with  the  causes  that  have  conferred,  for 
example,  a  bold  and  rugged  outline  on  primitive  mountain- 
ranges,  and  a  smooth  and  swelling  one  on  hills  of  secondary 
districts — who  can  appreciate  the  distinction  between  the 
splintery  crags  of  the  slate-formation  and  the  wall-like  preci- 
pices of  the  mountain  limestone,  the  rugged  and  jagged  cliffs 
of  a  metamorphic  shore,  and  the  softer  though  equally  lofty 
ones  of  the  chalk — who  can  feel  the  effect  of  a  long  line  of 
stratified  coast  composed  of  the  coal-measures  or  lias  as  com- 
pared with  the  vertical  arrangements  of  the  igneous  rocks — and 
who  knows,  moreover,  the  effects  of  rock-formations  on  vege- 
table growth,  and  the  natural  disposition  of  that  vegetation 
around  and]  over  the  cliffs  and  crags  he  portrays — ^is  much 
more  likely  to  succeed  in  his  art  than  one  who  is  ignorant 
of  or  indifferent  to  such  natural  causes  and  peculiarities. 
And  what  is  true  of  landscape-painting  applies  with  still 
greater  force  to  landscape-gardening  and  the  fencing  and 
planting  of  estates.  We  have  seen  belts  and  clumps  of  wood- 
land arranged  where  nature  would  never  have  planted  them, 
the  finest  cliffs  obscured  by  plantings  that  nature  would  never 
have  permitted,  and  rockeries  and  rock-work  set  down  where 
the  slightest  acquaintance  with  geological  phenomena  would 
have  told  the  artist  that  rocks  and  cliffs  could  never  have 
existed. 

As  a  Branch  of  General  Education. 

405.  Nor  is  it  alone  the  miner,  the  engineer,  builder, 
farmer,  landscape-gardener,  and  painter,  that  can  turn  to 
profitable  account  the  deductions  of  geology.  The  capitalist 
who  speculates  in  land,  the  emigrant,  the  traveller  and 
voyager,  the  statistician  and  statesman,  may  all  derive  assist- 
ance from  the  same  source,  and  bring  a  knowledge  of  its  facts 
to  bear  on  the  progress  of  their  nations.  So  also  the  hohday 
tonriat,  the  military  o^c^t  sXaXicma^  m  ^^t-axvt  countries,  and 
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others  in  similar  situations,  if  possessed  of  the  requisite 
knowledge,  may  do  good  service  not  only  to  the  cause  of 
science,  but  to  the  furtherance  of  our  industrial  prosperity. 
Indeed  we  do  not  affirm  too  much  when  we  assert  that  had 
one  tithe  of  those  who,  during  the  last  fifty  years,  have 
travelled  or  settled  in  America,  Australia,  New  Zealand, 
India,  and  other  countries,  been  possessed  even  of  a  smatter- 
ing of  geology,  these  countries,  as  to  their  substantial  wealth 
and  social  progress,  would  have  been  in  a  very  different 
position  at  the  present  day.  Their  gold-fields  and  coal-fields, 
their  mines  of  iron,  copper,  and  other  metals,  take  rank 
among  the  most  important  discoveries  of  the  present  age;  and 
as  the  spirit  of  civilisation  is  now  evolved  and  directed,  no 
progress  can  be  made  without  those  mechanical  appliances  to 
which  the  possession  of  coal  and  iron  is  indispensable,  no 
facility  of  commercial  intercourse  without  a  sufficiency  of 
gold,  which  has  hitherto  formed  the  most  available  medium  of 
interchange. 

406.  The  assistance  which  geology  has  also  conferred,  and 
the  new  light  its  deductions  have  thrown  on  the  other 
branches  of  natural  science,  are  not  among  the  least  of  its 
claims  to  general  attention.  The  comparatively  recent  science 
of  Physical  Geography,  in  all  that  relates  to  the  surface-con- 
figuration of  the  globe — its  climate  and  temperature,  the  dis- 
tribution of  plants  and  animals,  and  even  touching  the 
development  of  Man  himself,  as  influenced  by  geographical 
position — can  only  lay  claim  to  the  character  of  a  science 
when  treated  in  connection  with  the  fundamental  doctrines  of 
geology.  So  also  in  a  great  degree  of  Botany  and  Zoology; 
the  reconstructing,  as  it  were,  of  so  many  extinct  genera  and 
species,  has  given  a  new  significance  to  the  science  of  Life ; 
and  henceforth  no  view  of  the  vegetable  or  animal  kingdom 
can  lay  claim  to  a  truly  scientific  character  that  does  not 
embody  the  discoveries  of  the  Palaeontologist.  In  fact,  so 
inseparably  woven  into  one  great  system  of  life  are  fossil 
forms  with  those  now  existing,  that  we  cannot  treat  of  the 
one  without  considering  the  other;  and  can  never  hope  to 
arrive  at  a  knowledge  of  Creative  Law  by  any  method  which, 
however  minute  as  regards  the  one,  is  not  equally  careful  as  con- 
cerns the  other.  Combining,  therefore,  its  theoretical  interest 
with  its  high  practical  value — the  complexity  and  nicety  of 
its  problems,  as  an  intellectual  exercise,  with  the  substantial 
wealth  of  its  discoveries — the  new  light  it  throws  on  the 
duration  of  our  planet  and  the  wondexiuY  ^^.TvaV^  q>1  "^^  ^^^ksi^ 
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life,  with  the  certainty  it  confers  on  our  industrial  researches 
and  Operations — Geology  becomes  one  of  the  most  important 
of  modern  sciences,  deserving  the  study  of  every  cultivated 
mind,  and  the  encouragement  of  every  enlightened  govern- 
ment. Year  after  year  this  truth  is  pressing  itself  more 
forcibly  on  public  attention,  and  now  the  more  important 
states  of  Europe  and  America  have  their  "  schools  of  mines  " 
and  "  geological  surveys  ; "  while  our  own  colonies — Canada, 
India,  Australia,  New  Zealand,  and  the  West  Indies — are 
beginning  to  reap  the  advantages  of  official  and  systematic 
exploration. 


Procedure  in  the  Field. 

407.  To  acquire  a  knowledge  of  the  science  thus  sketched, 
sufficient  for  the  purposes  of  a  well-informed  mind,  is  not  a 
very  difficult  or  tedious  task.     The  objects  of  research,  we 
have  already  said  (par.  12),  are  scattered  everywhere  around 
us.     Not   a   quarry   by  the   wayside,  not  a  railway-cutting 
through  which  we  are  carried,  not  a  mountain-glen  up  which 
we  wander,  nor  a  sea-cliff  under  which  we  saunter  on  a  sum- 
mer's evening,  but  furnishes,  when  duly  observed,  important 
lessons  in  Geology.     A  hammer   to   detach   specimens,  and 
a  bag  or  basket  to  carry  them  in — a  pocket  magnifying-lens 
to  detect  minuter   structures — a  compass  and  clinometer  to 
determine  the  strike  and  dip  of  strata — a  sketch-book  to  note 
unusual  phenomena — an  observing  eye  and  a  pair  of  willing 
limbs — are  nearly  all  the  young  student  requires  for  the  field ; 
and  by  inspection  and   comparison  in  some   museum  (aud 
luckily  these  are  everywhere  on  the  increase),  and  by  the 
diligent  use  of  his  text-book,  he  will,  after  a  few  rambles,  be 
able  to. proceed  in  the  study  as  a  practical  observer.      Let  him 
note  every  new  and  strange  appearance,  handle  and  preserve 
every  rock  and  fossil  with  which  he  is  not  familiar,  throwing 
nothing  aside  till  he  has  become  familiar  with  its  nature ;  and 
thus,  besides  obtaining  new  knowledge  and  facilitating  his 
progress,   he  will   shortly  acquire   the   invaluable    power  of 
prompt  and  accurate  discrimination.     By  following  such  a 
course,  it  is  astonishing  how  soon  the  eye  is  trained  to  detect 
the  faintest  trace  of  an  organism,  the  nature  of  a  mineral 
crystal,  or  even  the  composition  of  a  rock,  and  to  be  in  a 
great  measure  independent  of  mineralogical  tests  or  chemical 
analyses. 
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408.  The  equipments  for  the  field,  we  have  said,  are 
neither  numerous  nor  expensive;  and  here  we  may  remind 
the  young  student  that  it  is  of  much  more  importance  to 
know  the  thing  sought  after  than  to  be  curious  about  the 
shape  of  a  hammer,  the  cut  of  a  bag,  or  the  style  of  his  general 
accoutrement.  One  of  the  Nestors  of  English  geology  made 
a  boast  of  never  having  spent  a  guinea  on  field  equipments ; 
and  yet  the  science  is  perhaps  as  much  indebted  to  him  as  to 
any  other  name  on  the  roll  of  European  geologists.  As  to 
hammer 8y  these  can  now  be  readily  obtained  from  almost  any 
ironmonger.  One  with  a  round  end,  like  No.  i,  for  hard  and 
massive  rocks ;  another  with  a  flat  end  and  cleaving  face,  like 
No.  2,  for  softer  strata ;  and  a  third,  of  the  shape  of  No.  3, 
for  dressing  and  chipping  cabinet  specimens,  are  all  that  is 
necessary ;  and  if  to  these  are  added  chisels  of  the  shapes  here 
indicated  (4  and  5),  the  student  requires  nothing  more.     In 


general,  he  will  find  it  convenient  to  carry  his  hammer  and 
chisels  sheathed  in  a  waist-belt,  both  because  they  are  more 
readily  got  at,  and  more  easily  carried  when  his  bag  gets  filled 
with  specimens.  As  to  a  bag,  one  of  stout  jane  or  canvas,  with 
two  divisions  and  a  pocket,  will  be  amply  sufficient.  If  on  a 
long  ramble,  one  of  the  divisions  can  hold  his  night-traps,  the 
other  his  specimens,  while  the  pocket  may  be  appropriated  to 
his  flask  and  biscuits.  An  eye-glass,  with  two  or  three  lenses 
and  diaphragm,  can  be  procured  from  any  respectable  optician 
for  a  few  shillings ;  and  the  instrument-makers  in  most  of  our 
large  towns  now  keep  in  stock  a  neat  pocket-compass,  fitted 
with  a  brass  pendule  (p),  to  be  used  when  required  as  a  clino- 
meter. The  student  may  even  construct  his  own  clinometer — 
a  quadrant  of  cardboard,  marked  witla.  ^Ai^  ^^^^«a»^  ^\3L^*ciOw^ 

2  H 


481  PRACTICAL 

with  a  swinging  alip  of  metal  for  a  pcudule,  beiog  quite  as  use- 
ful as  tke  moat  expensive  he  could  purchase.  An  acid'hotUe,  and 
a  few  other  simple  teats,  are  also  extremely  useful  in  the  field ; 
but  anything  like  analysis  must  be  reserved  for  the  laboratory. 
For  ascertaining  heights  up  to  aooo  feet  or  thereby,  the 
aneroid  will  be  found  the  most  convenient  iustnunent  for  the 


geologist,  who  aelJom  requires  m  the  Bntish  Islands,  to  cany 
with  him  into  the  field  either  the  barometer  or  thfrmometer 
Of  course  it  is  different  iihen  travelling  among  unknown 
heights,  or  in  districts  abounding  m  hot  springs  and  other 
thermal  phenomena  A  note  or  sketch  hook  is  an  mdispensable 
requisite  ,  and  every  day  spent  in  the  field  without  it  may  be 
looked  upon  as  a  day  all  but  lost  to  the  geologist.  It  is  quite 
impossible  for  the  memory  to  carry  away  a  multiplicity  of  details 
as  to  strike,  dip,  inclination,  contortion,  joints,  faults,  veins, 
itc.  or  even  to  retain  the  aspect  of  rock-masses  with  sufficient 
accuracy  for  future  reference  and  comparison.  Once  noted, 
however,  and  they  are  available  ever  after.  Personally,  the 
lighter  a  geologist  can  travel  the  better ;  a  thin  waterproof 
cape,  in  the  event  of  rain  (an  umbrella  is  an  encumbrance  and 
otetruction),  a  short  shooting-coat  with  a  superabundance  of 
pockets,  a  pair  of  stout-soled  easy-going  shoes,  and  a  spare 
pair  of  socks,  is  all  that  he  need  provide  for  the  roughest  and 
longest  excursion, 

409.  Thus  equipped,  he  should  carry  with  bim  the  best  map 
of  the  district  he  can  procure,  and  if  coloured  geologically,  ao 
much  the  better.  A  large  portion  of  England  and  Ireland, 
and  part  of  Scotland,  have  now  been  surveyed  and  mapped 
by  the  Government  geologists,  and  the  sheets  of  this  survey 
are  decidedly  the  beat  and  most  available.  For  districts  of 
the  country  not  yet  ofiicially  surveyed,  such  maps  as  Knipe's 
or  Phillips's  'British  Isles,'  Ramsay's  or  Murdiiaon's  'Eng- 
land,' Griffith's  'Ireland,'  Nicoll's,  Knipe's,  or  Murchison's 
'  Scotland,'  oi  the  '  Paieeontolo^cal  Map  of  the  British 
Islands'  in  Kdlt  3o\mBS««JB'tV-3«v'»!i,  tAsj^  -^yibe  found 
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to  be  of  essential  service.  There  are  also  variously  published 
sets  of  County  Maps,  several  of  which  have  been  coloured 
geologically,  to  accompany  local  memoirs ;  and  these,  though 
often  imperfect,  will  be  found  to  be  of  use  in  pointing  out  the 
boundaries  of  formations  and  other  peculiarities.  In  making 
his  investigations,  the  student  should  examine  every  exposed 
face  or  section  of  rock ;  and  for  this  purpose  sea-cliffs,  sides  of 
ravines,  mountain  precipices,  river-channels,  road  and  railway 
cuttings,  quarries,  wells,  coal-pits,  and,  in  short,  every  surface- 
opening  should  be  sought  after.  As  he  travels  along,  he 
should  also  learn  to  note  the  stones  used  for  road-metal,  for 
field-fences,  and  other  country  purposes,  and  those  will  often 
guide  him  to  local  quarries  which  he  might  otherwise  have 
missed.  The  ordinary  buildings  of  a  district  are  also  in 
general  good  indices  to  its  geological  formations,  though 
occasionally  architectural  stones  are  brought  from  a  great  dis- 
tance, and  thus  present  the  geologist  with  some  curious  ano- 
malies. The  young  explorer  should  also  make  the  acquaint- 
ance of  every  stone-breaker,  quarryman,  miner,  and  mason  he 
meets  with;  and  though  the  terms  "Metamorphic,"  "Silurian," 
"  Devonian,"  and  the  like,  may  be  as  High  Dutch  to  their 
ears,  yet,  if  conversed  with  in  their  own  language,  many  of 
them  will  be  found  to  afford  important  information  both  as  to 
the  nature  of  the  rocks,  the  stratification,  the  faults,  and  other 
particulars  of  a  district.  A  frank  and  affable  demeanour,  no 
assumption  of  superior  knowledge,  a  kindly  interest  in  the 
object  of  their  labours,  and  the  occasional  sharing  of  a  pipe  or 
cigar,  will  often  work  wonders  in  awakening  their  communica- 
tion ;  and  while  this  is  no  more  than  common  courtesy  demands, 
a  demeanour  the  reverse  would  render  them  at  once  (and  justly 
so)  taciturn  and  reserved.  In  fine,  the  student  should  let  no 
stone  lie  unturned  to  get  at  the  object  of  his  investigation ; 
should  visit  the  local  museum,  if  there  is  one ;  find  out  the 
names  of  local  collectors,  and  get  access  to  their  cabinets ;  call 
at  the  shop  of  the  working  lapidary  and  dealer  in  natural 
curiosities ;  and  it  must  be  a  very  obscure  village,  or  a  very 
uninteresting  locality,  geologically  speaking,  that  does  not 
possess  some  one  curious  in  fossils,  minerals,  pebbles,  shells, 
insects,  or  the  like,  and  who  knows  something,  less  or  more, 
of  the  natural  history  of  his  district. 

410.  Being  now  in  the  field,  properly  equipped,  and  with 
such  information  as  he  may  have  gleaned  by  previous  read- 
ing and  local  inquiry,  the  student  should  proceed  to  aacertiaisL 
the  strike  and  dip  of  the  strata,  ta\dii^  c«c^\»  «fitfj.^T\sMi.*^«^ 


484 


PRACTICAL   GEOLOGY. 


general  dip,  and  not  to  be  misled  by  oblique  lamination,  by 
cleavage,  or  other  indications  of  cross  structure.  As  with 
the  strike  and  dip,  so  with  the  direction  of  dykes,  faults,  veins, 
lines  of  cleavage,  jointing,  and  so  forth,  all  of  which  are  im- 
portant guides  to  the  structure  of  a  district,  and  point  with 
certainty  to  the  chronology  of  its  mountain-chains,  and  axes 
of  elevation.  By  laying  down  correctly  the  direction  of  a 
dyke  or  fault  on  one  portion  of  a  field,  and  prolonging  it  on 
his  map,  the  student  may  find  the  same  dislocation  several 
miles  distant,  and  be  thus  prepared  for  alterations  in  dip  and 
other  phenomena  which  might  otherwise  be  extremely  per- 
plexing. As  he  proceeds  in  this  way  he  will  also  jot  down 
the  boundaries  of  formations — marHng  only  the  principal 
outlines  on  his  field-map,  and  keeping  all  details,  measure- 
ments, and  figures  in  his  note-book.  We  ^Q.y  field-map,  for  it 
is  always  convenient  to  have  one  cut  down  in  small  portions 
for  work  in  the  field,  and  another  preserved  entire  for  ultimate 
transference  and  colouring.  The  symbols  of  geological  sur- 
veying are  not  very  numerous,  nor  are  they  (it  is  to  be 
regretted)  very  closely  adhered  to,  though  the  science  in 
this  respect  might  be  greatly  aided,  and  its  requirements 
facilitated.  Making  allowance  for  magnetic  variation  (which 
can  be  readily  obtained  for  any  particular  district),  the  student 
should  always  lay  down  the  true  direction;  the  strike  of 
strata  by  parallel  lines  (see  fig.)  and  their  dip  by  arrows — 


Stxike. 


Dip. 


Horizontal. 


Veitical. 
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Anticline. 


Syticline. 


Contorted. 


Cleaved. 


/ 


Faults. 


Dykes. 


straight  if  plane,  and  bent  or  waved  if  the  strata  are  flexured 
and  contorted.  Anticlines  and  synclines  are  thus  easily  per- 
ceived on  the  map ;  vertical  strata  may  be  indicated  by  a  bold 
line ;  horizoiita\,  \>7  %i  cv^Y^'e^  qu  the  shaft  of  a  double 
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arrow;  cleavage,  by  three  sharp  lines  on  the  shaft  of  the 
arrow;  faults,  by  two  faint  parallel  linea ;  and  dykes,  by 
bolder  ones,  according  to  their  breadth  and  bearing.  In 
indicating  formations  ou  the  map,  the  best  way  is  to  do  it  by 
colours  ;  and  though  no  convention^  colouring  is  yet  strictly 
adhesed  to,  that  now  adopted  by  the  Government  Survey  is 
the  one  generally  followed-^viz.,  carmine  for  granite,  deep 
red  for  trap,  and  a  dingy  or  purplish  red  for  volcanic ;  pale 
purple  for  the  metamorphic,  a  deeper  hue  for  the  Silurian, 
a  faint  red  for  the  Devonian,  blue  for  the  mountain  limestone, 


dark  brown  for  the  carboniferous,  some  brighter  shade  of  red 
for  the  Permian  and  Trias ;  shades  of  yellow  and  buff  for  the 
oolites,  some  shade  of  white  for  the  chalk,  and  nmber  for  th.« 
different  tertiaries.     Of  course,  miTKrtw  fivs'iswiTa  \ti';^\t>5.  *. 
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variety  of  shades,  and  these  must  be  explained  by  an  accom- 
panying index  of  symbols.  Attempts  have  also  been  made  to 
indicate  the  formations  by  engraved  tintings,  cross-hatchings, 
stipplings,  and  the  like ;  and  these,  in  the  absence  of  colours, 
may  often  be  conveniently  imitated  by  the  pen.  In  sketching 
sections  it  will  be  found  of  essential  service  to  employ  such 
marks  to  indicate  at  once  to  the  eye  the  nature  of  the  respec- 
tive rocks  and  strata.  Small  crosses  (St  George's)  may  be 
used  for  granite ;  St  Andrew's  for  trap ;  half-crosses,  or  tri- 
angular marks,  for  volcanic ;  T-shaped  marks  for  gneiss  and 
mica-schist ;  a  faint  tinting,  with  cross  lines,  for  cleaved  clay- 
slates;  dots  for  sandstone;  larger  dots  for  conglomerates; 
faint  parallel  and  vertical  touches  to  indicate  jointed  lime- 
stones ;  close  dark  tinting  for  shales ;  and  so  on  for  admix- 
tures or  combinations  of  these. 

411.  Having    laid   down    his    survey  and    sketched    his 
sections,  the  geologist  has  next  many  deep  and  difficult  pro- 
blems to  solve,  some  connected  with  the  mineral  composition, 
some  with  the  metamorphism,  and  others  with  the  origin  and 
aggregation  of  the  strata.     In  an  elementary  outline  of  this 
kind  we  can  only  indicate  the  line  of  research,  leaving  the 
student  to  gather  by  observation,  and  by  his  acquaintance 
with  existing  operations  in  nature,  the  many  and   complex 
phenomena  connected  with  what  may  be  termed    the   mere 
"physical  aggregation  of  rock- masses."     In  his  investigations 
he  must  endeavour  to  ascertain,  for  example,  whether  certain 
conglomerates  give  evidence  of  long-continued  littoral  action, 
ojr  whether,  from  their  brecciated  composition,  they  prove  a 
rapid  and  unusual  process  of  aggregation;  whether  certain 
sandstones,  from  their  internal  structure,  have  been  formed 
sub-aerially  or  under  the  water,  have  been  aggregated  along 
an  open  exposed  shore,  or,  from  their  clayey  laminations, 
have   been   deposited   in   quiet   estuaries;    whether    certain 
shales  have  been  collected  as  alternating  river-silts,  or  slowly 
deposited  in  homogeneous  deep-sea  masses;  whether  certain 
limestones  have  been  formed  in  situ  from  living  shell-beds,  or 
are  littoral  aggregations  of  drifted  and  broken  shells;   and 
whether  others  have  been  quiet  semi-chemical  precipitates,  or 
are  the  mere   mechanical  debris  of  disintegrated  coral-reefs 
and  minute  foraminifera.     He  will  next  have  to  consider  the 
internal   changes  or  metamorphism   that   strata   may  have 
undergone  since  their  deposition,  and  how  far  their  texture 
and  structure  give  evidence  of  the  effects  of  heat,  of  chemical 
deration,  of  pressure,  ox  ol  awj  ol  ^^  oJOaKt  %^^\!kR.\fta  adverted 
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to  in  par.  152.  Having  Well  weighed  all  the  physical  con- 
ditions— on  which  the  presence  of  a  single  crystal,  a  pebble, 
a  line  of  lamination,  a  ripple-marked  surface,  a  worn  shell- 
valve,  or  even  the  disposition  of  the  particles  which  compose 
the  mass,  may  often  throw  important  light — ^he  will  next 
have  to  turn  to  the  organic  remains  which  the  strata  may 
enclose.  And  there  all  the  known  facts  of  botany  and 
zoology  will  be  necessary  to  the  solution  of  his  problems,  and 
this  independent  of  the  physical  questions  which  their  presence 
involves.  For  instance,  do  the  remains  appear  to  have  been 
drifted  from  a  distance,  or  to  have  grown  and  lived  in  the 
sites  where  they  are  now  entombed  1  have  they  been  aggre- 
gated in  the  quiet  ordinary  process  of  life  and  decay,  or  do 
they  seem  to  have  been  suddenly  extinguished  1  These  and 
many  other  similar  questions  will  at  once  be  suggested  by  the 
appearance  and  positions  of  the  fossils ;  and  from  these  the 
philosophical  inquirer  will  rise  to  the  higher  considerations  of 
generic  and  specific  distinction,  analogy  with  existing  races, 
the  question  of  habitat,  geographical  distribution  as  governed 
by  climate  and  other  physical  conditions,  and,  in  fine,  all  that 
we  know  of  the  laws  which  seem  to  influence  the  locations, 
the  variations,  and  mutations  of  vitality. 

412.  In  making  his  practical  investigations,  the  student 
will  be  materially  aided  by  the  study  of  an  authentic  collec- 
tion of  minerals,  rocks,  and  fossils.  To  begin  with,  he  may 
avail  himself  of  such  elementary  collections  as  are  sold  by 
Professor  Tennant,  Mr  Bryce  Wright,  Mr  James  Gregory,  Mr 
Kussell,  Mr  Damon  of  Wejrmouth,  and  others.  These,  how- 
ever, he  will  soon  lay  aside  for  a  cabinet  of  his  own  collecting 
and  arranging;  and  on  this  point  we  would  advise  him  to 
procure  a  good  roomy  suite  of  drawers  the  moment  he  thinks 
of  collecting — showing  more  anxiety  about  accommodation 
and  the  exclusion  of  dust  than  about  any  frivolous  display  of 
cabinet-work.  The  general  course  is  to  begin  to  collect,  and 
then  to  think  of  a  cabinet;  but  we  can  assure  the  student 
who  values  the  perfection  and  distinctness  of  a  crystal  or 
fossil,  and  who  knows  how  much  such  specimens  suffer  by 
the  rough-handling  of  the  uninitiated,  that  the  better  plan  is 
to  begin  with  the  cabinet,  which  he  will  find  only  fills  too  fast 
for  all  that  he  would  like  to  retain  in  its  compartments.  In 
a  private  collection  it  is  impossible  to  arrange  more  than  a 
few  hundred  typical  specimens,  and,  in  fact,  nothing  beyond 
this  should  be  attempted  so  long,  as  ready  access  can  be  had 
to  the  invaluable  treasures  of  our  p\x\>\\e  xcwa^vrcBa,    ^  "S^»\3fe 
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minerals  alone  that  he  is  collecting,  he  will  arrange  them 
according  to  the  classification  he  studies  in  his  manual,  be  it 
that  of  Phillips,  Hauy,  Dana,  or  Berzelius;  if  it  be  rocks 
alone,  perhaps  the  most  instructive  order  is  that  of  the  forma- 
tions in  point  of  time,  beginning  with  the  granite  and  ending 
with  the  volcanic  for  the  Igneous,  and  with  the  metamorphic 
and  ending  with  the  post-tertiary  for  the  Sedimentary;  and 
if  it  be  fossils  alone  that  he  wishes  to  preserve,  the  same 
chronological  order,  tray  above  tray,  is  perhaps  the  most 
instructive  and  the  most  easily  referred  to.  On  the  other 
hand,  if  he  has  plenty  of  room  at  his  command,  it  is  quite 
possible  to  arrange  the  fossils  along  with  the  rock-formations 
in  which  they  occur,  and  even  in  such  an  arrangement  to 
place  the  mollusca,  the  Crustacea,  the  fishes,  &c.,  of  each  for- 
mation in  some  particular  compartment  of  the  trays,  so  as  to 
combine  a  zoological  with  a  chronological  gradation.  What- 
ever size  of  specimen  the  student  adopts  (and  mere  pigmy 
fragments  are  of  very  little  value),  he  will  find  hammer  No. 
3  of  great  use  in  chipping  them  to  shape ;  and  the  moment 
they  are  so  shaped  they  ought  to  be  labelled  with  the  name, 
formation,  locality,  (kc,  and  consigned  to  their  compartments, 
and  never  subsequently  lifted  unless  by  the  edges,  and 
scarcely  even  that,  save  with  a  clean  dry  hand  or  a  glove  on. 
Occasionally,  for  the  preservation  of  soft  shaly  specimens,  it 
will  be  necessary  to  give  them  a  slight  coating  of  gum,  but 
the  less  of  this  the  better;  and  where  the  gum  is  apt  to 
obscure,  an  additional  wrapping  in  wadding  or  tissue-paper 
will  be  found  to  be  the  better  preservative.  On  the  whole, 
there  is  no  great  art  or  mystery  in  the  formation  of  a  geolo- 
gical collection — the  main  object  being  to  secure  fairly-selected 
specimens,  and  such  as  exhibit  in  the  highest  degree  any  par- 
ticular point  that  may  be  desired.  Of  course  the  student 
may  not  always  be  able  to  obtain  the  best  he  could  desire, 
but  let  him  retain  what  he  has  got  till  he  can  replace  it  by  a 
better;  and,  above  all,  let  him  never  wantonly  sacrifice  a 
duplicate — ever  remembering  that  what  may  be  conmion  in 
one  district  may  be  rare  in  another,  and  that  his  rejected 
specimen  may  be  the  means  of  obtaining,  in  exchange,  some 
much-coveted  gem  from  a  distant  brother  collector. 
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Difficulties  and  Incentives. 

413.  The  course  of  practical  inquiry  we  have  sketched  in 
the  preceding  paragraphs,  is  far  from  embracing  all  that 
requires  to  be  known  or  followed  by  the  working  geologist. 
Enough,  however,  has  been  done  to  put  the  earnest  and 
willing  student  on  the  way — the  rest  he  must  work  out  by  his 
own  zeal  and  determination ;  and  in  Geology,  as  in  aU  other 
undertakings,  a  hearty  goodwill — even  were  it  to  the  extent 
of  what  the  world  calls  " enthusiasm" — is  more  than  half  the 
victory.  It  is  true,  there  are  difficulties  in  the  way — diffi- 
culties inseparable  from  the  nature  of  the  subject,  such  as  the 
depths  at  which  many  of  the  strata  are  situated  in  the  solid 
crust,  the  metamorphism  they  have  undergone  since  their 
first  formation  (thus  increasing  the  difficulty  of  determining 
the  agencies  by  which  they  were  aggregated),  the  repeated 
upheavals  and  displacements  of  the  original  areas  of  deposi- 
tion, the  obscure  and  fragmentary  concfition  in  which  many 
of  the  fossil  remains  are  discovered,  and,  above  all,  the  wide 
expanse  over  which  observations  must  be  made  before  we  can 
obtain  proper  data  for  comparison  and  adjustment.  There 
are  also  difficulties  arising  from  the  imperfections  of  the 
science,  and  the  errors  of  its  earlier  cultivators;  and  the 
honest  teacher  should  no  more  gloss  ov§r  the  one  set  of  diffi- 
culties, than  he  should  shrink  from  frankly  owning  his  in- 
ability to  remove  the  other.  We  refer  in  particular  to  the 
imperfections  of  geological  classification ;  the  difficulty  in 
many  cases  of  discriminating  rocks  by  the  nomenclature  at 
present  in  use ;  and  the  daily-increasing  difficulty  of  mastering 
fossil  species,  while  one  and  the  same  object  figures  in  differ- 
ent works,  it  may  be,  by  half-a-dozen  different  synonyms. 
With  regard  to  the  classification  of  the  rock-systems,  the 
student  need  not  be  discouraged.  The  matter  will  shortly 
right  itself ;  and  by  adhering  in  the  first  instance  to  the  great 
divisions  about  which  there  can  be  no  doubt,  he  will  soon  be 
prepared  to  unravel  his  way  among  the  minor  subdivisions 
which  future  discoveries  will  either  confirm  or  cancel.  The 
same  may  be  said  respecting  the  discrimination  of  rock-speci- 
mens ;  let  the  student  make  himself  familiar  with  the  leading 
families,  which  are  neither  very  numerous  nor  puzzling,  and 
then  as  to  minor  distinctions  time  and  experience  can  be  his 
only  aids.  The  difficulty  attending  the  determination  of  fossil 
species  has  arisen  in  a  great  meaawie  iiotsv  ^i\i^  wss^^sNtj  ^\n>^ 


49©  PRACTICAL  GEOLOGY. 

obscurity  of  the  subject,  as  well  as  from  the  labour  of  figuring 
and  comparing  so  many  imperfect  and  fragmentary  olgects ; 
but  where  the  greatest  masters  are  so  frequently  at  variance 
and  in  doubt,  the  earnest  student  need  neither  be  disheartened 
at  his  failures,  nor  ashamed  to  own  his  errors. 

414.  In  a  new  and  progressive  science  like  Geology,  which 
has  still  such  a  wide  field  of  exploration  before  it,  and  which 
calls  in  the  aid  of  so  many  correlative  sub-sciences,  there  is 
ample  scope  for  the  energy  and  industry  of  the  most  talented 
and  enthusiastic.  So  vast  is  the  field,  and  so  varied  its 
aspects,  that  there  need  be  no  jealousies  nor  jostlings  for  cen- 
turies to  come.  One  may  devote  himself  to  its  mineral  forms, 
another  to  its  physical  problems,  a  third  to  its  fossil  plants, 
a  fourth  to  its  fossil  animals,  a  fifth  may  study  alone  its 
economic  products,  and  a  sixth  endeavour  to  find  expression 
for  the  general  laws  which  it  indicates ;  while  all  may  go  on 
as  one  great  brotherhood,  united  under  the  motto  of  "  Head, 
Heart,  Hand,  and  Hammer,"  in  the  elucidation  of  the  history 
of  the  marvellous  world  we  inhabit.  And  whether  in  collect- 
ing data  among  the  hills  and  ravines,  by  the  sea-cliff  or  in  the 
mine,  or  in  arranging  and  drawing  from  these  data  the  war- 
ranted conclusion,  the  earnest  student  will  find  Geology  at 
once  one  of  the  most  healthful  and  exhilarating,  as  it  is 
intellectually  one  of  the  most  expanding  of  human  pursuits. 
And  even  where  no  professional  object  is  aimed  at,  the  man 
of  business,  the  health-seeker,  and  holiday  tourist,  will  find 
in  it  an  endless  source  of  recreation,  peradventure  of  per- 
manent instruction.  Nor  need  the  fair  sex  be  deterred  from 
the  study,  because  it  seems  at  first  sight  a  somewhat  rough 
and  rocky  one.  They  will  discover  in  the  forms  and  colours 
of  mineral  gems  and  metallic  ores  a  source  of  attraction  other 
than  that  of  mere  personal  ornament;  they  will  find  the 
remains  of  plants  and  animals  embalmed  and  preserved  in  a 
state  that  the  most  delicate  need  not  shrink  from  investigating ; 
they  will  find  that  a  knowledge  of  the  distinctive  features 
stamped  on  each  landscape  by  geological  phenomena,  enables 
them  to  add  the  truths  of  nature  to  the  graces  of  their  sketch- 
books ;  while  during  every  walk  by  the  sea-shore,  and  ramble 
on  the  hillside,  they  will  find  in  every  pebble,  which  the 
feet  of  the  ignorant  would  spurn  from  their  path,  something 
to  amuse  and  interest  even  where  instruction  is  not  sought 
after,  nor  intellectual  attainments  prized,  for  the  advantages 
they  confer  on  their  possessors.  Thus,  take  it  in  no  higher 
lisbt  than  a  mere  xecx^aXivoTi  lot  ^\jl  *\$i\a  Ts^orcckSxA*^  It  will  be 


DIFFICULTIES  AND  INCENTIVES.  49 1 

found  at  least  an  innocent  and  exhilarating  one — one  that 
need  never  interfere  with  the  comfort  of  a  neighbour,  nor 
bring  to  the  observer  one  pang  of  mortification  or  regret. 

415.  Enough,  we  presume,  has  now  been  stated  to  convince 
the  student  of  Geology  that  the  subject  is  one  deserving  his 
best  and  most  earnest  attention.  We  have  done  what  we 
could,  within  the  scope  of  an  elementary  text-book,  to  explain 
its  leading  facts  and  principles  —  endeavouring  rather  to 
stimulate  to  further  research,  and  point  out  the  methods  of 
procedure,  than  attempting  to  teach  its  details.  And  luckily 
for  the  student,  these  details  are  embodied  in  many  inviting 
and  accessible  volumes ;  and  more  luckily  for  him  still,  the 
most  instructive  facts  and  important  problems  of  the  science 
lie  in  the  crust  beneath  and  around  him  in  his  own  native 
islands — islands,  the  study  of  which  first  gave  character  and 
consistency  to  Geology,  and  rescued  it  from  the  domain  of 
ignorant  hypothesis  and  visionary  speculation.  There  cannot, 
indeed,  be  a  finer  training-field  for  the  young  geologist  than 
the  British  Islands.  The  number  of  formations  comprised 
within  so  small  an  area,  their  frequent  upheavals  and  ex- 
posures, the  extent  of  section  displayed  by  our  sea-cliflfe  and 
mountain  ravines,  the  magnitude  of  our  industrial  operations 
in  mines,  quarries,  tunnels,  and  railway-cuttings — laying  bare 
so  much  of  the  earth's  internal  structure — are  advantages 
peculiarly  enjoyed  by  the  British  student ;  and  though  some 
districts  cannot  perhaps  vie  with  others  in  the  number  and 
distinctness  of  their  fossil  remains,  that  want  is  often  more 
than  compensated  by  the  variety  and  forcible  boldness  of  their 
physical  demonstrations. 

416.  In  the  practical  investigation  of  the  science,  the 
student  will  derive  material  assistance  from  De  la  Beche's 
*  Geological  Observer ' — the  only  work  we  yet  possess  exclu- 
sively devoted  to  field-procedure.  He  may  also  obtain  a  fair 
outline  of  its  industrial  bearings  from  the  brief  treatise  of  Mr 
Ansted  on  *  Practical  Geology,'  or  from  the  author's  manual 
of  *  Economic  Geology,  or  Geology  in  its  relations  to  the  Arts 
and  Manufactures.'  On  Mining,  the  work  of  Mr  Ansted, 
already  referred  to,  Messrs  Buddie  and  Forstei;  *  On  the  North 
of  England  Coal-Fields,'  the  treatises  and  papers  on  our  Coal- 
Fields  referred  to  in  par.  232,  the  *  Memoirs  of  the  Geological 
Survey,'  and  the  *  Proceedings  of  the  School  of  Mines,'  and 
the  *  Jury  Keports  of  the  Great  Exhibition.'  On  Mineralogy 
and  Metallurgy  the  various  articles  appertaining  to  ixsmcat^ 
and  metals  in  Ure's  *  Dictionary  oi  Aita  a.Ti<i'^'axi>5i"afc\^st«^i\ 
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the  *  Encyclopaedia  Britannica,*  Phillips's  *  Manual  of  Metal- 
lurgy/ Percy's  *  Treatise  on  Metals,  Fuels,  and  Metallurgy,' 
Dana's  *  Mineralogy,'  Nicol's  *  Elements  of  Mineralogy,'  and 
the  pleasant  gossiping  little  work  of  Mr  Jackson  *  On  Minerals 
and  their  Uses.'  On  Engineering  and  Building,  the  *  Cyclo- 
paedia of  Engineering,'  the  'Commissioners'  Report  on  the 
Houses  of  Parliament,'  the  '  Jury  Reports  of  the  Great  Ex- 
hibition,' Gwilt's  *  Cyclopaedia  of  Architecture,'  and  papers 
on  the  Quarries  of  Scotland  in  the  *  Transactions  of  the  High- 
land Society.'  On  Agriculture,  the  *  Lectures'  of  the  late  Pro- 
fessor Johnston,  the  papers  of  Mr  Trimmer,  Mr  Nesbitt,  and 
others,  in  the  *  Journal  of  Agriculture,'  and  various  of  the 
Highland  Society's  prize  essays  and  reports;  while  on  the 
subject  of  Landscape,  some  available  hints  may  be  gathered 
from  Mr  Ansted's  *  Treatise,'  Ruskin's  *  Modern  Painters,' 
and  the  respective  editions  of  Professor  Phillips's  'Manual 
of  Geology.' 
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For  fuller  descriptions,  and  for  most  of  tAe  Terms  employed  in  Geology,  Min- 
eralogy, Palceontology,  and  Physical  Geography,  the  student  is  referred  to  the  Author^s 
'  Handbook  of  Geological  Terms,  Geology,  and  Physical  Geography.' 


Aberrant  (Lat.  ah,  and  erro,  I  wander 
from^.  —  Applied  in  natural  history 
classification  to  those  species  ("aber- 
rant species  ")  which  differ  widely  from 
the  type  of  the  natural  group  or  family 
to  which  they  belong. 

Abietites  (Lat  abies,  the  fir-tree). — A 
genus  of  coniferae  occurring  in  the 
wealden  and  greensand.  'nie  genus 
has  been  founded  chiefly  on  the  cones, 
which  are  often  found  in  great  perfec- 
tion— these  cones  being  composed  of 
scales  that  terminate  in  a  point,  and 
not  in  a  rhomboidal  disc,  as  in  Pintis, 
which  see. 

Abnormax.  (Lat.  ah,  and  norvia,  a  rule). 
— Without  rule  or  order;  irregular; 
not  occurring  in  the  usual  order,  or 
according  to  that  which  is  considered 
as  the  natural  law. 

Abrasion  (Lat.  a6,  firom,  and  radere,  to 
rub  or  scrape). — ^The  operation  of  wear- 
ing away  by  external  rubbing  or  fric- 
tion ;  hence  certain  abraded  rock-sur- 
faces. Currents  of  water  laden  with 
sand,  shingle,  and  other  rock-debris, 
drifting  icebei^,  and  descending  gla- 
'  ciers,  are  the  chief  abrading  agents  in 
nature. 

AcANTHODES  (Or.  oJcantha,  a  spine  or 
tliom).  —  One  of  Agassiz  genera  of 
ganoid  fishes,  occurring  in  the  devon- 
ian and  lower  coal-measures,  and  char- 
acterised by  the  strong  thorn -like 
spines  with  which  all  the  fins  are  fur- 
nished. The  dorsal  and  anal  fins  are 
single— the  latter  being  placed  some- 
what in  advance  of  the  former.— See 

fig. 
Acephalous  (Or.  a,  without,  and  fce- 

pJiale,  head). — Applied  to  those  mol- 
lusca,  like  the  oyster  and  scallop, 
which  have  no  distinct  head,  in  con- 
tradistinction to  the  encephdhus,  or 
those  with  a  distinct  head.    The  class 


Acephala  comprehends  most  of  the 
bivalve  molluscs,  and  several  which 
are  destitute  of  shells. 

AcicuLAR  (Lat.  acicula,  a  little  needle). 
— Mineral  crystals  occurring  in  needle- 
like prisms  or  prickles,  as  actinolite, 
are  said  to  be  acicular. 

Acidulous  and  Acidulated. — Slightly 
acid,  or  sub-acid ;  applied  to  certain 
waters  and  springs. 

Acrodont  (Or.  alcros,  the  summit,  and 
odous,  tooth). — A  term  applied  by  Pro-' 
fessor  Owen  to  those  scaly  or  loricated 
saurians  whose  teeth  are  anchylosed 
to  the  summit  of  the  alveolar  ridge. 
See  Thecodont. 

AcROOENOus  (Or.  akros.  the  top,  and 
ginomai,  I  am  formed).  —  Applied  to 
those  cryptogamic  plants  which  in- 
crease by  jgrowth  at  the  summit  or 
growing-point,  as  the  tree-ferns. 

AcTiNOCRiNUs  (Or.  aktin,  a  thorn  or 
prickle). — A  genus  of  encrinites,  found 
chiefly  in  the  carboniferous  limestone, 
and  distinguished  by  the  thorn-like 
side-arms  or  processes  which  project 
from  the  main  column  or  stalk  at  ir- 
regular distances. 

Actinolite  (Or.  aktin,  a  ray  or  thorn, 
and  lithos,  stone). — A  mineral  and  rock 
of  thegranitic  and  metamorphic  groups, 
composed  of  radiated  or  thom-like 
crystals  of  a  dark  or  greenish  hue,  and 
closely  allied  to  hornblende. 

Adipooerr  (Lat  adeps,  fat,  and  cera, 
wax). — A  waxy,  fatty  substance  into 
which  animal  matter  is  converted  when 
buried  in  moist  earth,  or  when  sub- 
jected to  long  immersion  in  water.  It 
is  chiefly  Tnargarate  of  ammonia,  and  is 
obviously  generated  by  the  reaction  of 
the  ammonia  upon  the  margarine  and 
oleine  of  the  animal  substances  from 
which  it  is  produced. 
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Lird). — An  extinct  cursorial  bird  of  gi- 
gantic dimensions,  the  eggs  and  a  few 
wattered  bones  of  which  have  been  re- 
cently discovered  in  the  alluvial  depo- 
sits of  Madagascar.  The  egg  has  about 
six  times  the  capacity  of  that  of  the 
ostrich,  but  the  bones  would  seem  to 
indicate  a  bird  little  more  than  twice 
the  size  of  its  African  congener. 

After  -  Damp.  —  Another  name  for 
"  choke-tiamp "  or  carbonic  acid,  as 
occurring  in  mines  after  an  explosion 
of  "fire-damp,"  or  light  carburetted 
hydrogen. 

AoATE  (said  to  be  from  the  river  Achates, 
where  fine  varieties  occur). — A  mixed 
silirious  mineral  found  in  veins,  no- 
dules, and  geodes.  The  geodes  often 
consist  of  alternating  bands  or  deposi- 
tions of  camelian,  calcedonjr,  jasper, 
oi>al,  &c.  ;  hence  the  varieties  of  the 
mineral  are  known  by  such  names  as 
ribbon-agate,  fortification-agate,  brec- 
ciated-agate,  moss-agate,  &c. 

AcxiLOMERATE. — A  term  employed  by 
Sir  Charles  Lyell  to  designate  those 
accumulations  of  angtdar  fragments  of 
rock  which  are  thrown  up  by  volcanic 
eruptions,  and  showered  to  greater  or 
less  distances  around  the  cone  or  crater 
of  eruption.  When  they  are  carried  to 
a  distance  by  running  water,  and  get 
worn  and  roimded,  tliey  become  ordi- 
nary conglomeratea. 

AoNOSTUS  (Gr.  agnostos,  unknown,  ob- 
scure).— A  genus  of  minute  trilobites 
supposed  to  be  characteristic  of  the 
lowest  Silurian  zones. 

Aiguille  (Fr.,  a  needle). — Applied  in 
physical  geography  and  geology  to  the 
sharp  serrated  peaks  of  lofty  moun- 
tains. It  is  generally  the  crystalline 
rocks,  such  as  gneiss,  quarts,  and  the 
like,  that  weather  into  the  aiguille,  or 
needle-top. 

Alabaster  (Gr.  alabaatron). — A  translu- 
cent granular  or  massive  variety  of 
gypsum,  or  sulphate  of  lime,  variously 
coloured.  It  is  a  mineral  of  common 
occurrence  in  secondary  and  tertiary 
.  omiations  (Cheshire,  Montmartre  near 
Paris,  Montaiout  in  Italy,  &c.),  and 
being  readily  turned  by  the  lathe,  is 
manufactured  into  statuettes,  vases, 
and  other  domestic  ornaments ;  hence 
perhaps  the  term  cUabastron,  an  ink  or 
perfume  case. 

Albert  Coal.  Albertjtb. — The  name 
given  to  a  bituminous  mineral  occur- 
ring at  Hillsboro',  Albert  County,  in 
the  province  of  New  Brunswick.  It  is 
an  injected  vein,  cutting  the  associated 
strata  almost  vertically,  and  from  one 
to  sixteen  feet  in  thickness.  The  ac- 
companying rocks  are  highly  charged 
with  bitumen.  The  vein,  though  call- 
ed a  "  coal,"  has  none  of  the  stratigra- 
phical  characteristics  ot  accoxopam- 
menta  that  distinguisli  coaX-depo«,V\a, 


but  has  all  the  essential  prox)ertie8  of 
an  asphalt.— Albertite  also  occurs  in 
thin  veins  in  the  county  of  Sutherland. 

Albite  (Lat.  aXba,  white). — A  sjjecies  of 
felspar  of  a  greyish  -  white  or  milky- 
white  colour,  composed  of  silex  70.5, 
alumina  19.5,  soda  9.5,  and  traces  of 
lime  and  oxide  of  manganese.  It  is 
also  known  as  Cleavelandite. 

Album  Gr^ecum. — The  whitish  hardened 
excrement  of  dogs,  wolves,  hysenas,  &c, 
feeding  on  bones.  It  consists  chiefly 
of  the  earth  of  bones  or  lime,  in  com- 
bination with  phosphoric  acid.  That 
of  the  hyeena  occurs  abundantly  fossil 
in  the  bone-caves  of  Europe. 

Alom  (Lat.  alga,  sea-weed). — Cellular 
aquatic  plants,  mostly  of  marine  habi- 
tat ;  algoid,  resembling  a  sea-weed. 

Alluvium  (Lat.  Itiere,  to  wash,  and  ad, 
together). — Matter  washed  or  brought 
together  by  the  ordinary  operations  of 
water  is  said  to  be  aUuvialf  and  the 
soil  or  land  so  formed  is  spoken  of  as 
aUuvium.  The  soil  of  most  of  our 
river-plains,  which  have  been  the  sites 
either  of  lakes  or  of  estuaries,  is  al- 
luvial Our  straths,  carses,  dales, 
holmes,  and  meadow-lands,  are  chiefly 
alluvial    See  Diluvium. 

Alum  (Lat  alumen,  Gr.  Tials,  haZos,  salt). 
—Alum  is  a  double  salt,  the  sulphate 
of  alumina  and  potash,  the  crystals  of 
which  contain  nearly  50  per  cent  of 
water.  Alum  was  at  one  time  chiefly 
manufactured  from  certain  shales,  as 
those  of  the  lias  in  Yorkshire,  of  the 
coal  in  Lanarkshire,  &c.  ;  hence  cUun- 
8hale,  aluminite,  alum-stone,  &c.  It  is 
now  manufactured  from  pottery-clay 
and  sulphate  of  ammonia. 

Alumina.— The  pure  plastic  principle  of 
clay,  which  is  usually  a  silicate  of  alu- 
mina. Alumina  is,  in  £ac1^  an  oxide  of 
the  metal  aluminium,  consisting  of  alu- 
minium 12,  and  oxygen  8. 

Amber  (Arabic).  —A  weD  -  known  fossil 
gum,  or  gum-resin,  usually  found  in 
connection  with  tertiary  lignites,  and 
associated  with  certain  coniferous 
trunks  and  branches  {Pinus  succiniftr, 
the  amber  pine),  of  which  it  is  sup- 
posed to  have  been  the  exudation.  It 
IS  hard,  rather  brittle,  easily  cut^  of 
various  shades  of  yellow,  and  semi- 
transparent  It  is  very  light,  is  highly 
electric,  and  bums,  like  other  hydro- 
carbons, with  much  smoke  and  flame. 

Amblypterus  (Gr.  amhlys,  blunt,  and 
pteron,  fin). — Literally  '*  broad  or  blunt 
fin ;"  a  genus  of  ganoid  fishes  belong- 
ing to  the  Lepidoid  fkmily,  occurring  in 
the  carboniferous  formation,  and  char- 
acterised, as  the  name  implies,  by  their 
very  large  and  wide  fins,  composed  of 
numerous  rays. — See  fig. 

Amethyst. — Quartz  or  rock-crystal  col- 
o\a%^  "b^  iron  and  manganese ;  or,  as 
T^c^-Q^-^  «ii&rcQL«^,\>ri  «icscqa  -peculiar  by- 
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dro-carbon.  The  amethyst  is  a  trans- 
parent gem  of  a  purple  or  violet-blue 
colour  :  it  is  sometimes  naturally  col- 
ourless, and  may  at  any  time  be  de- 
prived of  its  colour  by  the  action  of 
heat.  Some  derive  the  name  from  its 
colour,  which  resembles  wine  mixed 
with  water  ;  while  others  think  it  ob- 
tained its  name  (Gr.  a,  without,  and 
ntethystes,  drunkard),  from  its  suppos- 
ed virtue  of  preventing  intoxication, 
hence  worn  by  topers  as  an  amulet. 

Amianthus  (Gr.  a,  without,  and  miaino, 
to  soil). — This  term,  though  often  used 
as  synonymous  with  asbesPus,  properly 
includes  only  the  varieties  which  occur 
in  delicate  silky  fibres.    See  Asbestus. 

Ammonite. — The  fossil  shell  of  a  numer- 
ous and  varied  family  of  cephalopod- 
ous  mollusca  coiled  in  a  plane  spiral, 
and  chambered  within  like  the  existing 
nautilus ;  so  called  from  the  resem- 
blance of  the  shell  to  the  horns  on  the 
statue  of  Jupiter  Ammon.  "  Comu 
ammonis,"  *'  Whitby  snakes,"  and 
"  snake  -  stones,"  are  familiar  syno- 
nyms.— See  figs. 

Amorphous  (Gr.  a,  without,  and  morphi, 
form). — Applied  to  minerals  and  rock- 
masses  which  have  no  regular  or  de- 
terminate form ;  void  of  structure. 

Amorphozoa  (Gr.  a,  without ;  morpM^ 
form ;  and  zoon,  an  animal). — The  low- 
est class  of  the  animal  kingdom,  con- 
taining the  sponges  and  their  allies  : 
so  called  from  the  want  of  regular  or- 
ganic structure  in  their  parts. 

Amphttherium  (Gr.  amphi,  implying 
doubt,  and  iherion,  a  beast). — An  in- 
sectivorous quadruped  of  tiie  oolitic 
epoch  ;  so  termed  l^m  the  doubts  as 
to  its  true  afl^ity— marsupial  or  pla- 
cental.— See  fig..  Oolitic  System. 

Amygdaloid  (Gr.  amygdalon,  an  almond, 
and  eidos,  form). — This  term  is  applied 
to  certain  igneous  rocks  containing 
small  almond-shaped  vesicular  cavi- 
ties, either  partially  or  entirely  filled 
with  agate,  jasper,  calc-spar,  and  other 
minerals.  These  minerals  being  of  a 
different  colour  from  the  mass  of  the 
rock  in  which  they  are  embedded,  look 
like  almonds  in  a  cake ;  hence  the  term 
amygdaloidal 

Analcime  (Gr.  a,  without,  and  dUcimos, 
strong).  —  A  zeolitic  mineral  found 
abundantly  in  trappean  rocks ;  so  call- 
ed from  its  feebly  electric  properties. 
Same  as  Cubizite. 

Analogue  (Gr.  ana^  with,  and  logos,  rea- 
soning).— An  object  that  resembles 
another,  or  which  performs  a  similar 
function ;  as  the  dermal  expansions  of 
the  bat  and  the  wing  of  the  bird,  which 
are  analogous  but  not  horaologous. 

Ananchytes. — A  genus  of  fossil  sea- 
urchins  belonging  to  the  tribe  Spatan- 
gidce,  and  especially  characteristic  of 
the  upper  chalk.     They  are  readily 


distinguished  by  their  elevated  helmet- 
like form,  by  their  simple  ambulacra 
converging  towards  the  summit,  and 
by  the  transverse  mouth  and  oblong 
outlet  situated  on  the  inferior  face  of 
the  flat  base,  and  towards  the  margin. 
Known  in  the  south  of  England  as 
"  shepherd's  crowns,"  and  "  fairy- 
loaves." 

Anoiosperms  (Gr.  angeion,  a  vessel,  and 
sperma,  seed). — Plants  whose  seeds  are 
encased,  or  in  seed-vessels  ;  in  contra- 
distinction to  gymnosperms,  which  see. 

Anhydrous  (Gr.  a,  without,  and  hydor, 
water). — Without  water;  ajiplied  to 
minerals  which  do  not  contain  water 
as  an  ingredient.  Without  water  of 
crystallisation. 

Annelida  (Lat  anndlus,  a  little  ring). — 
Annelids  ;  one  of  the  classes  of  the 
animal  kingdom,  having  their  bodies 
formed  of  a  great  number  of  small 
rings  like  the  earth-worm,  a  double 
ganglionated  nervous  cord,  and  red 
blood. 

Annulosa  (Lat.  annulus,  a  ring). — A 
designation  given  by  M'Leay  to  the 
Artiadata,  in  allusion  to  their  ringed 
or  annulated  bodies.  The  term  in  this 
sense  is  seldom  employed  by  other 
zoologists. 

Anomodontia  (Gr. .  anomos,  irregular; 
odous,  tooth). — An  extinct  order  of 
reptiles  often  termed  Dicynoduntia. 
See  Dicynodon. 

Anoplothbrium  (Gr.  a,  without ;  oplon, 
weai)on ;  and  iherion), — A  fossil  pachy- 
dermatous quadruped  frt)m  the  Paris 
tertiaries,  and  so  called  troxa  being 
destitute  of  any  organs  of  defence,  as 
tusks,  claws,  or  horns.  The  genus 
seems  to  stand  intermediate  between 
the  rhinoceros,  hog,  and  horse,  and  to 
partake  in  some  respects  of  the  char- 
acters of  the  cameL — See  fig..  Tertiary 
System. 

Antholites  (Gr.  anthos,  a  flower,  and 
lithos,  stone). — The  general  term  for 
the  fossil  inflorescence  of  plants,  or 
rather  the  impression  of  their  flowers. 
They  are  found  from  the  carboniferous 
upwards. 

Anthracite  (Gr.  anthrax,  carbon). — A 
variety  of  coal  almost  wholly  deprived 
of  its  bitumen.  It  may  be  regarded  as 
natural  coke  or  charcoal,  formed  by 
subterranean  or  chemical  heat.  Ordi- 
nary bituminiferous  coal  is  often  found 
converted  into  a  kind  of  coke  by  the 
contact  of  igneous  rocks  ;  and  in  this 
way  many  anthracites  may  have  origi- 
nated. 

Anthracosaurus  (Gr.  anthrax,  coal,  and 
sauros). — Literally  "coal-saurian;"  a 
lai^ge  labyrinthodont  saurian  occurring 
in  some  abundance  in  British  coal- 
fields, and  founded  by  Professor  Hwk.- 
ley,  in.  ia6»,  ou  «L\iea.\v^VaaLi-\ft«aKcs'!^ 
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all  the  teeth  in  st'fu,  from  the  black- 
tend  ironstone  of  Airdrie. 

Antiiracotherium  (Gr.  anthrruc,  coal, 
and  therion^  wild  beast). — A  fossil  pa- 
chydermatous animal  found  in  lignitic 
tertiuries. 

Anticlinal  (Gr.  anti,  on  opposite  sides, 
and  dinn,  I  bend). —Applied  to  strata 
which  dip  in  opposite  directions  from 
a  common  ridge  or  axis — like  the  roof 
of  a  house — and  form  what  is  termed 
an  "  anticline  "  or  "  saddle-back." 

Antiseptic  (Or.  anti,  opposed  to,  and 
ivno,  I  i>utrefy).  —  Bubstances  which, 
like  salt  and  tannin,  prevent  putrefac- 
tion in  animal  and  vegetable  substan- 
(^es,  are  said  to  l>e  antiseptic. 

Apatite  (Gr.  apati,  deceptive). — A  cal- 
careous mineral  composed  of  55.75 
lime,  and  44. 35  phoBi)horic  acid ;  hence 
known  as  phosphate  of  lime.  There 
are  several  varieties,  both  massive  and 
crystallised,  distinguished  by  their 
fhurture,  &c. — as  foliated  apatite,  con- 
choidal  apatite,  and  phosphorite  hav- 
ing an  uneven  fracture. 

APKKmiNiTE  (Gr.  apion,  a  pear,  and  en- 
crinite). — A  genus  of  encrinite  distin- 
guished by  its  pear-shaped  body,  and 
peculiar  to  tlie  oolite  and  chalk  sys- 
tems. 

Araucaritbs. — A  term  employed  to  de- 
signate those  fossil  trunks  and  stems 
whose  structure  is  identical  with  that 
of  the  living  Arauoarise,  having  the 
same  kind  of  medullary  rays,  and  the 
wootly  fibre  studded  with  discs  or 
arcolsB,  which  are  polygonal,  often 
hexagonal,  and  disposed  in  severtd 
alternating  series. 

ARCHiCociDARis  (Gr.  archaios,  ancient, 
and  cidaris,  a  turban ;  hence  the  "  sea- 
egg,"  fh)m  its  turban  shape). — A  genus 
of  sea-urchins  or  cidaris,  occurring 
in  carboniferous  and  permian  strata, 
and  characterised  by  their  small  hexa- 
gonal plates  and  long  spines,  which  in 
some  species  are  smooth,  and  in  others 
notched  and  sharply  denticulated.— 
See  fig. 

ARCHiEONiscus  (Gr,  arckaios,  ancient, 
and  oniscus,  wood-louse), — A  genus  of 
fossil  Isopods  (equal-footed  crusta- 
ceans) occurrin;^  in  the  Purbeck  or 
uppermost  oolitic  strata,  and  so  termed 
by  the  Rev.  P.  B.  Brodie,  from  their 
close  resemblance  to  the  common 
wood-louse.— See  fig.,  Oolitic  System. 

ARcaiEOPTEBYx  (Gr.^  —  Literally  "an- 
cient wing  or  bird.  A  unique  speci- 
men of  bird-remains  from  the  oolitic 
limestone  of  Solenhofen,  and  not,  as 
was  at  first  supposed,  a  creature  inter- 
mediate between  the  birds  and  reptiles. 
This  ancient  bird,  according  to  Profes- 
sor Owen,  was  about  the  size  of  a  rook, 
and  differs  from  all  knovm  birds  in 
b&ving  two  free  claws  beVoTv^iig  \o  ^2tv«k 
wing,  and  also  in  having  tkie  "vctWowb 


of  the  tail  (about  twenty  in  number) 
free  and  prolonged  as  in  mammals- 
each  vertebra  supporting  a  pair  of 
quill-feathers,  which  gave  to  the  tail  a 
long  and  vane-like  appearance.— See 

fig. 

ARCHEao8AnRns(Gr.  archegos,  b^;inniDg, 
and«iuru«,  lizard). — Literally  "prim- 
eval lizard  ;"  a  reptile  of  the  carboni- 
ferous era,  having,  according  to  Owen 
and  Goldfuss,  a  near  alliance  to  the 
proteus,  lepidosirerif  and  other  pereimi- 
brauchiate  reptiles  of  the  present  day. 
—See  fig. 

Arenaceous  H^t.  arenct,  sand).— Rocks 
composed  of  grains  like  sand,  or  con- 
taining sand  in  any  notable  degcee,  are 
said  to  be  arenaceoiia. 

Argillaceous  (Lat.  argUla,  clay). — Ap- 
plied to  all  rocks  or  substances  com- 
posed of  clay,  or  having  a  notable  pro- 
portion of  clay  in  their  compositioiL 
Ai^llaceous  rocks  are  readily  distin- 
guished by  the  peculiar  odour  they 
emit  when  breathed  on. 

Artesian  Wells. — Wells  sunk  by  bor- 
ing perpendicularly  through  the  solid 
strata,  and  in  which  the  subterranean 
waters  rise  to  the  surface  or  nearly  so 
^-a  method  long  known  and  practised 
in  the  province  of  Artois,  the  ancient 
Artesium,  in  France.  Many  of  the  Ar- 
tesian wells  in  London  and  Psuis  are 
of  great  depth — that  in  the  plain  of 
Grenelle  being  about  1800  feet  deep, 
bore  10  inches  in  diameter,  discharge 
^17  gallons  per  minute,  and  tempera- 
ture of  water  82'  Pahr. 

Articulata  (Lat  arHcuivs,  a  joints — 
One  of  Cuvier's  four  great  divisions  of 
the  animal  kingdom,  including  all  the 
invertebrata  with  jointed  bodies— as 
insects,  cruatacea,  spiders,  worms,  && 

AsAPHUs  (Qt.  asapMs,  obscure^  —A 
genus  of  trilobites,  and  so  called  from 
the  obscurity  which  long  rested  on  the 
true  nature  of  these  Crustacea,  which 
were  at  first  confounded  with  insects, 
and  termed  Entomolithus. — See  fig. 

AsBESTUs  (Qt.  a,  without,  and  asbestos, 
consumaole  or  extinguishableX  —  A 
fibrous,  flexible  variety  of  hornblende 
used  by  the  ancients  in  the  manufac- 
ture of  an  incombustible  cloth ;  hence 
its  name  a^bestog,  unconsumable.  It  k 
now  largely  employed  as  a  non-con- 
ductor and  fire-resister,  in  packing 
steam-pistons,  and  similar  purposes. 
There  are  several  varieties,  as  amian- 
thvs,  mountain-corkf  mountain-wood, 
mountain-leaiher,  &c. 

Asphalt  (Gr.  aspha^Uos). — This  term  is 
usually  applied  to  a  black,  hard,  brit- 
tle, and  glossy  variety  of  bitumen, 
which  is  distinguished  from  other  tb- 
rieties  chiefly  by  its  more  difilcult  ftisi- 
bility,  and  by  its  firacture  being  clean, 
«:ATksNx<cA$lQA^  and  vitreous.  It  occurs 
Va  loTCQa^Q'Q&  Qt  ^Sl  «ifgi&^«aad.  is  associ- 
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ated  with  different  kinds  of  rocks, 
though  most  frequently  in  connection 
with  sandstones  and  limestones. 

Aster ACANTUcrs  (Gr.  astern  star,  and 
aJcantlia,  spine). — Literally  *' starry 
spine ; "  a  genus  of  ichthyodorolites, 
so  termed  from  having  their  surfaces 
richly  ornamented  with  star-like  tu- 
bercles. These  fin-rays  (often  of  large 
size)  are  common  in  the  lias,  oolite, 
and  wealden. 

AsTEROiOEA  (Gr.  aster,  a  star,  and  eidoSf 
form).  —  Applied  to  star-fishes.  An 
order  of  echinoderms  with  one  open- 
ing to  the  alimentary  canal,  and  of 
rayed  or  star-like  structure. 

AsTEROLEPis  (Gr.  aster,  a  star,  and  Imis, 
a  scaleX — Literally  "star-scale;  a 
gigantic  ganoid  fish  of  the  old  red 
sandstone,  so  named  from  the  stellate 
markings  on  the  dermal  plates  of  the 
head,  which  are  of  great  size,  and  form 
a  strong  expanded  buckler,  the  orbits 
of  the  eyes  being  situated  near  the 
anterior  border. 

AsTEROPHYLLrrES  (Gr.  aster,  and  phyl- 
lon,  a  leaf). — An  assemblage  of  plants 
found  abundantly  in  the  coal-measures, 
lias,  and  oolite ;  and  so  called  fh>m  the 
star-like  whorls  of  the  linear  leaves 
(verticellato  leaves)  which  surround 
the  jointed  stems,  as  in  equisetum, 
hippuris,  and  the  like. — See  fig..  Car- 
boniferous System. 

Atolls. — The  name  given  to  coral  islands 
of  an  annular  form,  that  is,  consisting 
of  a  circular  belt  or  ring  of  coral,  with 
an  enclosed  lagoon. — See  fig. 

AuorrE  (Gr.  augi,  lustre).  —  A  mineral 
entering  largely  into  the  composition 
of  many  trap  antf  volcanic  rocks.  In 
composition  it  is  closely  allied  to  horn- 
blende, but  differs  in  the  form  of  crys- 
tal— ^is  less  silicions,  and  of  greater 
specific  gravity.  Known  also  as  Pyr- 
oxene. 

Auriferous  (Lat  ai^rum,  gold,  and /ero, 
I  yield).— Yielding  or  containing  gold ; 
applied  to  rocks  and  veins  containing 
the  precious  metal,  as  "auriferous 
veins,"  "auriferous  sands,"  &c. 

Avalanches  ^Fr.  avalangeSf  lavanches). 
— Accumulations  of  snow,  or  of  snow 
and  ice,  which  descend  from  preci- 
pitous mountains,  like  the  Alps,  into 
the  valleys  beneath.  They  originate 
in  the  higher  regions  of  mountains. 


and  begin  to  descend  when  the  gravity 
of  the  mass  becomes  too  great  for  the 
slope  on  which  it  rests,  or  when  treah. 
weather  destroys  its  adherence  to  the 
surface.  Avalanches  are  usually  dig- 
tin^^shed  as  Drift,  Boiling,  Sliding, 
and  GlaciaL  Drijt,  are  those  caused 
by  the  action  of  the  wind  on  the  snow 
while  loose  and  powdery;  roUing, 
when  a  detached  piece  of  snow  rolls 
down  the  steep,  licks  up  the  snow  over 
which  it  passes,  and  thus  acquires 
bulk  and  impetus  as  it  descends ;  slid- 
ing, when  the  mass  loses  its  adhesion 
to  the  surfkce,  and  descends,  carrying 
everything  before  it  unable  to  resist 
its  pressure ;  and  gUtcial,  when  masses 
of  frozen  snow  and  ice  are  loosened  by 
the  heat  of  summer  and  precipitated 
into  the  plains  below. 

Avicula  (Lat  a  little  bird)— A  fi-ee 
unequal-valved  shell,  fixing  itself  by  a 
byssus,  the  hinge  without  a  tooth,  said 
rather  callous,  valves  somewhat  gap- 
ing near  the  beak.  It  is  the  type  of 
the  AvicuLiDiB,  which  embraces  avid' 
ula,  posidonomya,  aviciUopeaten,,  ger- 
villia,  pema,  inoceramus,  and  pin/na, 

AvicuLOPECTBN.— The  avicula-like  pec- 
ten,  an  extensive  genus  of  monomy- 
arian  bivalves  peculiar  to  the  carbon- 
iferous limestone,  and  often  so  well 
E reserved  that  even  the  colours  of  the 
ving  shell  are  retained.  The  form  in 
the  several  species  is  more  elongated 
than  in  pecten;  valves  slightly  un- 
equal, and  hinge  without  a  tooth. — 
See  fig.,  Carboimerous  System. 

Axis  (Lat  axis,  a  pole  or  axle-tree). — A' 
word  used  largely  and  variously  in 
natural  science;  applied  to  the  line 
about  which  objects  are  symmetrical, 
along  which  they  are  bent,  around 
which  they  turn,  or  to  which  they 
have  some  common  relation;  hence 
"vertebral  axis,"  "axis  of  elevation," 
"  synclinal  axis,"  &c. 

Aymestry  Limestone.  —  The  middle 
member  of  the  Ludlow  group  of  Silu- 
rian strata ;  so  named  fh)m  ike  village 
of  Aymestry,  where  it  is  exposed. 

Azoic  (Gr.  a,  without,  and  zoh,  life).— 
Applied  to  the  lowest  strata  which 
have  yet  yielded  no  traces  of  life. 
Used  by  many  as  synonjrmous  with 
Hyi)ozoic,  Non-fossiliferoos,  and  Met- 
amorphic,  which  see. 


B 


Back.— A  miner's  term  for  "joint;" 
hence  "  backs  and  cutters,"  applied  to 
jointed  structure. 

Baculite  (Lat  baeultis,  a  staff). — ^A 
straight-chambered  tapering  shcdl  pf 
the  chalk  epoch;  so  named  from  its 


straight  staff-like  shape.  It  consists 
of  numerous  chambers,  divided  by 
transverse  sinuous  septa,  the  ont^ 
chamber  being  much  larger  thaxi  tVsftk 
otheift. — Sftfe  ^.,  Gt^^aiRftavsa%"^^i«sa!L. 
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The  name  given  to  fossils  of  the  bar- 
nacle family,  whose  shells  in  general 
consist  of  six  principal  valves,  ar- 
ranged in  conical  form.  The  cirripeds 
or  oamacles  are  scarcely,  if  at  all, 
known  till  the  commencement  of  the 
oolitic  era. 

Barytbs  (Gr.  barys,  heavy).  —  Heavy 
8i>ar,  or  sulphate  and  carbonate  of 
bttr>ia  ;  so  called  fh)ni  its  great  specific 
gravity,  which  is  about  4,  thus  being 
the  heaviest  of  all  the  known  earths. 

Basalt  (Gr.  and  Lat  hasaltes,  but  of  un- 
known origin,  some  deriving  it  from  an 
Ethiopian  word,  basal,  iron,  and  others 
fh)ni  hols,  salt,  in  allusion  to  its  crys- 
tallised or  columnar  structure). — An 
abundant  member  of  the  trappean 
group,  close-grained,  hard,  usually 
black,  and  fh;quentlv  columnar;  the 
columns  regular  and  jointed 

Basin.— Any  concave  surface  of  strata 
dipping  towards  a  common  axis  or 
centre  is  tcnned  a  basin,  trough,  or 
syncline.  The  tertiary  rocks  often  oc- 
cupy limited  areas,  and  dip  in  this 
way;  hence  "London  basin,"  "Paris 
basin,"  Ac. 

Basset  or  Basset  Edge.  —  A  miner's 
term  for  the  outcrop  or  surface  edge 
of  any  inclined  stratum.  See  Out- 
crop. 

Bathvmetrical  (Gr.  bathys,  deep,  and 
metron,  a  measure). — Applied  to  the 
distribution  of  jilants  and  animals 
along  the  sea-bottom,  according  to  the 
depth  of  the  zone  ^measuring  from  the 
shore)  which  tliey  mhabit 

Batrachia  (Gr.  &atracA^>s,  a  frog)  applied 
to  the  amphibians  of  the  frog  and  toad 
kind. 

Beetle-stone. — A  name  given  to  cop- 
rolitic  nodules  of  ironstone,  &c.,  from 
the  fanciftil  resemblance  (when  taken 
in  section)  of  the  coprolite,  and  its 
radiating  films  of  calc-spar,  to  the 
body  and  limbs  of  a  beetle.  See  Sep- 
taria. 

Belemnitb  (Gr.  beleTnmon,  a  dart^-^An 
abundant  cretaceous  and  oolitic  fossil, 
being  the  internal  bone  or  shell  of  ex- 
tinct cephalopods  allied  to  the  squid 
and  cuttle-fish.  Belemnites  are  usual- 
ly found  as  straight,  solid,  tapering 
fossils,  but  occasionally  the  upper  or 
chambered  portion  is  attached,  and 
even,  in  some  instances,  the  colouring- 
matter  of  the  ink-bag  has  not  been 
altogether  obliterated.  The  pen  of  the 
common  squid  is  a  slender,  insignifi- 
cant organ  compared  with  the  belem- 
nite  and  its  extinct  congeners. — See 
figs. ,  Oolitic  System. 

Bkllbrophon  (a  fanciful  appellation 
from  Bellerophon,  a  fabulous  hero  of 
Grecian  antiquity). — An  extensive  gen- 
us of  fossil  nautiloid  shells,  consisting 
of  a  single  chamber,  like  ttie  \vraig 

argou&ut    They  occur  in  the  aVUnVBn, 


devonian,  and  carboniferous  strata— 
upwards  of  twenty  species  being  met 
with  in  the  mountain  limestone.  The 
BeUerophontidcB  are  most  generally  re- 
garded as  belonging  to  the  Heteropoda, 
and  allied  to  the  glass-shell  (carinaria); 
though  by  some  they  are  considered  to 
be  a  simple  form  of  cephaiopod. — See 
fig..  Carboniferous  System. 

Berq-mahl  (Swedish). — Literally  moun- 
tain-meal, a  recent  infusorial  earth  of  a 
whitish  colour  and  mealy  grain,  said  to 
be  eaten  by  the  Finns  and  Laplanders 
in  seasons  of  great  scarcity ;  hence  the 
name. 

Beryl. — A  lapidarjr's  term  for  the  less 
brilliant  and  colourless  varieties  of  ^e 
emerald — this  want  of  colour  arising 
from  the  absence  of  chromium,  which 
gives  to  the  emerald  its  deep  rich 
green. 

Beryx. — A  genus  of  ctenoid  fishes  he- 
longing  to  the  perch  family,  the  living 
species  of  which  inhabit  the  seas  of 
Australia.  A  number  of  species  have 
been  obtained  from  the  chalk  of  in- 
land, where  it  is  one  of  the  most  com- 
mon ichthyolites.  —  See  fig.  under 
Chalk  Formation. 

Beyrichia  (after  M.  Beyrich). — A  genus 
of  minute  phyllopodons  crustaceans 
belonging  to  the  family  Limnadiada, 
of  which  the  existing  Limnadia  has 
been  taken  as  the  type.  They  are 
bivalved,  and  their  minute  three-lobed- 
like  coverings  occur  in  profusion  both 
in  lower  and  upper  silunan  strata. 

Bitumen  (Gr.  pitus,  the  pit<di-tree).— 
Mineral  pitch  or  tar.  As  a  class,  the 
bitumens  are  infiammable  mineral  sub- 
stances, which  bum  like  pitch,  with 
much  smoke  and  flama  Naphtha,  pe- 
troleum, and  asphalt  are  famUiar  exam- 
ples ;  and  substances  impregnated  with 
them,  or  which  yield  them  on  distilla- 
tion, are  said  to  be  bituminotts,  though 
bituminiferotis  would,  bs  the  more  ap- 
propriate term. 

Bituminous  (see  Bitumen). — C!ontainiiig 
bitumen,  or  having  the  properties  of 
bitumen ;  bituminiferous,  yielding  bitu- 
men naturally  or  by  distHlation  ;  bitu- 
minated,  impregnated  or  prepared 
with  bitumen ;  bituminise,  to  prepare 
or  coat  with  bitumen ;  and  bituminisor 
tion,  the  natural  process  of  being  con- 
verted into  bituminous  matter. 

Black-band. — A  Scotch  miner's  term  for 
those  ironstones  which  contain  coaly 
matter  sufficient  to  calcine  the  ore 
without  any  artificial  addition  of  flieL 
See  Ironstone. 

Black-lead. — A  familiar  term  for  gra- 
phite, from  its  resembhmce  to  the 
metal  lead ;  called  also,  for  the  same 
reason,  plumbago. 

Blende  (Ger.   blenden,  to  dazzle^ — A 

\at!&.  «.Y^^i<eA.  \^^  mineralogists  to  sev- 

^taX.  \!!as!L<snC^  ia?rv&%«k'y««9QkUAX  lustre 
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or  elimmer  —  as  hornblende,  zinc- 
blende,  &c  ;  but  now  chiefly  applied 
to  a  metallic  ore  of  zinc,  the  sulphoret 
or  black-jack  of  the  English  miner. 

Bluffs. — An  American  term  for  high 
banks  presenting  a  precipitous  front 
to  the  sea  or  a  river. 

BoG-iRON  Ore. — A  porous  ferruginous 
deposit  occurring  at  the  bottom  of 
many  bogs  and  peat-mosses,  and  oc- 
casionally in  such  quantities  as  to  be 
of  industrial  importance.  In  general, 
bog-iron  forms  a  thin  cake  or  pan  of 
iron -peroxide,  and  evidently  results 
firom  the  decomposition  and  precipita- 
tion of  the  carbonates  and  oxides  of 
iron  held  in  solution  by  the  waters  of 
the  morass. 

Boo -WOOD.  —  The  trunks  and  larger 
.  branches  of  trees  dug  up  from  peat- 
bogs. The  term  is  usually  applied  to 
the  "black  oak"  obtained  from  the 
bogs  of  Ireland  and  Scotland,  and 
which  derives  its  ebony  colour  from 
an  impregnation  of  iron. 

Bole  (Gr.  bolos,  a  clod). — Applied  to  a 
friable  clayey  shale  or  earth,  usually 
highly  coloured  with  oxide  of  iron. 

BoKE  Breccia.  —  A  conglomerate,  or 
rather  admixture  of  fragments  of  lime- 
stone and  bones,  cemented  together 
into  a  hard  rock  by  a  reddish  calca- 
reous concretion,  and  occurring  in  cav- 
erns, fissures,  and  the  like,  of  later 
tertiary  date.  This  breccia  is  found 
in  almost  all  the  islands  on  the  shores 
of  the  Mediterranean  Sea  ;  in  many  of 
the  ossiferous  caverns  of  Europe ;  and 
similar  admixtures,  but  containing  the 
bones  of  marsupial  animals  only, 
have  been  found  in  the  caves  of  Aus- 
tralia. 

BoTHRODENDRON  (Gr.  both/Tos,  &  pit  or 
cavity,  and  denarony  tree). — A  genus 
of  coal-measure  stems  with  dotted  sur- 
faces, and  distinguished  from  sigillaria 
and  stigmaria  by  two  opposite  rows  of 
deep  oval  concavities,  which  api>ear  to 
have  been  made  by  the  bases  of  large 
cones  or  seed-brac^. — See  fig.,  Carbon- 
iferous System. 


BoTRYoiDAL  (Gr.  hotvys,  a  bunch  of 
grapes,  and  eidos,  form). — ^Applied  to 
certain  concretionary  forms,  as  those 
occurring  in  the  magnesian  limestones 
of  Durham,  the  bsematites  of  West- 
moreland, &c,  which  resemble  dusters 
of  grapes. 

Boulders. — ^Any  rounded  or  water-worn 
blocks  of  stone,  which  would  not  ftrom 
their  size  be  regarded  as  pebbles  or 
gravel,  are  termed  botUders.  The  name, 
however,  is  generally  restricted  to  the 
large  water-worn  and  smoothed  blocks 
found  embedded  in  the  clays  and  grav- 
els of  the  '*  drift  formation." 

Brachiopoda  (Gr.  brachys,  an  arm,  and 
poits,  podos,  a  foot). — A  numerous  or- 
der of  mollusca,  includmg  e(^ual  and 
unequal  valved  genera,  with  spiral  arm- 
like organs  on  each  side  the  mouth — 
e.g.,  terebratula,  spirifer,  &c. 

Breccia  (ItaL,  a  crumb  or  fragment). — 
A  term  applied  to  any  rock  composed 
of  an  agglutination  of  an^lar  frag- 
ments, as  **  volcanic  breccia,"  **  osse- 
ous breccia,"  &c.  A  breccia  or  brecd- 
ated  rock  differs  from  a  conglomerate 
in  having  its  component  fragments 
irregular  and  angular,  whereas  the  peb- 
bles of  the  latter  are  rounded  and 
water-worn. 

Brown-coal. — Another  name  for  tertiary 
lignite,  in  allusion  to  its  colour,  as  dis- 
tinguished from  the  clear  shining  black 
of  true  coaL 

Bryozoa  (Gr.  biryos,  moss,  and  zooriy  an 
animal). — This  term  embraces  all  the 
minute  mollusca  which  inhabit  com- 
pound structures,  and  which  were  for- 
merly regarded  as  zoophjrtes  or  coral- 
lines. The  tenn  refers  to  their  branched 
and  moss-like  aggregation.  Same  as 
Polyzoa,  which  see. 

Bunter  (Ger. ,  variegated).— The  German 
term  for  the  new  red  sandstone,  in  al- 
lusion to  its  variegated  colour. 

Burrh-stone  or  Burr-stonr. — A  por- 
ous silicious  stone  of  a  whitish  or 
cream  colour,  obtained  from  the  ter- 
tiary beds  of  the  Paris  basin,  and  used 
in  the  manufacture  of  millstones. 


Cairngorm. — A  yellow  or  amber -col- 
oured variety  of  rock-crystal,  so  called 
from  being  found  in  great  perfection  at 
Cairngorm,  Aberdeenshire. 

Calamites  (Lat  calamus,  a  reed). — A 
genus  of  fossil  stems  occurring  abun- 
dantly in  the  coal-measures,  and  so 
termed  from  their  resemblance  to  gi- 
gantic reedS;  Their  true  affinities, 
however,  are  not  well  knovni ;  and  all 
that  can  as  yet  be  said  of  them  is,  that 
they  are  tall,  hollow,  articulated  stems, 
furnished  with  leaves  or  branches  at 


the  joints,  possessing  a  distinctly-sei)ap 
rated  wood  and  bark,  and  readily  dis- 
articulating at  the  nodi  or  joints. — See 
fig..  Carboniferous  System. 

CalcaireG ROSSI ER(Fr. ,  literally  "coarse 
limestone  ").  — An  important  member  of 
the  lower  tertiaries  of  the  Paris  basin. 

Calcareous  (Lat  calx,  caZcis,  lime). — 
Composed  of,  or  containing  a  consider- 
able portion  of,  lime. 

Calc-sinter  (<Set,  avatem.,  \ft  ^5«^^ — 
This  term  \a  xxsviLBiX^^  «^^<sA\o  <»s»\».^ 


500 


glossaky:. 


from  calcareous  waters.    The  gradual 
increment   of  calc- sinter  is   usually 
marked  by  lines  or  layers  of  varying 
hardness  and  colour. 
Cau'-spar  or  Calcabeous  Spar. — The 
general  term  for  crystallised  carbonate 
of  lime  or  ctilcite,  which  occurs  in  a 
vast  variety  of  fonns,  and  in  various 
degrees  of  i)urity — fh)m  the  pure  pel- 
lucid rhombs  of  Iceland  spar  to  the 
confusetlly   crystalline   aggr^^tes   of 
the  ordinary  marbles. 
CALoTurr  or  Calcarbous   Tufa.  —  A 
{torotis  or  vesicular  carbonate  of  lime, 
generally  dei>osited  near  the  sources 
and  along  tne  courses  of  calcareous 
springs,  Tncrusting   and   binding   to- 
gether moss,  twigs,  shells,  and  other 
objects  that  lie  in  the  way. 
Calcedont  (Lat   caloedoniuSy  found  at 
Calcedon). — A  semi-transparent  silic- 
ious  mineral,  allied  to  the  opal  and 
agate,  and  often  found  associated  with 
them  in  geodes  and  vein-bands. 
Calcrola  (Lat,  a  little  shoe  or  slipper). 
— A  fossil  brachiopod,  so  called  firom 
its  under  or  ventral  valve,  which  is 
flutly  conical,  or  compressed  like  the 
]>oint  of  a  shoe,  and  fitted  with  an 
oiMjrcular  or  lid-like  upper  valve.   It  is 
chara(;teri8tic  of  the  middle  devonian 
])eriod,  and  so  abundant  in  the  schists 
underlying  the  Eifel  limestone,  that 
these  are  Known  to  German  geologists 
as  "Calceola-schiefer." — See  flg.,  De- 
vonian System. 
Calymene  (Gr.  kekalymmen^^  concealed, 
obscure). — A  genus  of  trilobites,  deriv- 
ing its  name  from  the  obscurity  which 
long  hung  over  the  real  nature  of  these 
crustaceans.  —  See  fig.,  Silurian  Sys- 
tem. 
Cainozoic  (Or.  kainos,  recent,  and  zoi, 
life).  — The   upper   stratified  systems 
holding  recent  forms  of  life,  as  distin- 
guished from  meaozoic  and  pakeozoic. 
Calp. — A  provincial  Irish  term  for  an 
impure  argillaceous  limestone,  which 
occurs  between  the  two  great  bands  of 
tlie  carboniferous  limestone  as  devel- 
oped in  Ireland ;   hence  the  phrases 
"calp-shales,"  "  calp-slates,"  &c. 
Cambrian  and  Cumbrian. — Terms  ap- 
plied by  Ptofessor  Sedgwick  to  the 
strata  which  lie  beneath  the  true  Si- 
lurian   system,  from  their  occurring 
largely  in  Wales  (Cambria)  and  in  Cum- 
berland. 
Cannbl-coal.— A  compact,  brittle,  jet- 
like variety  of  coal,  sonorous   when 
struck,  breaks  with  a  less  or  more  con- 
choidal  fhi,cture,  and  does  not  soil  the 
fingers  when  handled.    So  called  from 
the  candle-like  light  it  yields  when 
burning. 
Caradoc  Sandstone.— The  upper  mem- 
ber of  the  lower  Silurians.  typicaW.^ 
developed  in  the  Caradoc  hills. 
CiBBONACEous  (Lat.  ccwbo,  coal).— Coa\j; 


applied  to  rocks  containing  abundant 
traces  of  fossil  carbon,  or  vegetable 
debris:  hence  carbonaceous  shales, 
sandstones,  &c 

Carboniferous  (Lat.  carbo,  coal,  and 
fero,  1  yield). — Coal-yielding,  or  coal- 
bearing.  The  term  is  usually  applied 
to  that  system  of  palasozoic  strata  from 
which  our  chief  supplies  of  coal  aie  ob- 
tained. 

CARNELiAM(Lat  caro,  camM,flesh). — ^Ap- 
X>led  originally  to  a  flesh-coloured  va- 
riety of  calcedony,  but  now  a  lapidarj^s 
term  for  the  more  transparent  varietira, 
whether  brown,  red,  yellow,  or  white. 

Carpolithes  (Gr.  karpos,  flruit,  and 
lithos,  a  stone). — The  general  term  for 
fossil  fruits,  such  as  those  that  occur 
in  the  tertiary  clays  of  the  London 
basin,  in  the  coal-shales  of  Newcastle, 

&C. 

Cataoltsu  (Gr.  JcataJdysTnos,  inunda- 
tion).— Any  violent  flood  or  inunda- 
tion is  BO  termed ;  deluge  ;  debacl& 

Catenipora  (Latk  catena,  a  chain,  and 
pora,  a  passage).— Chainpore  coral,  a 
species  peculiar  to  palaeozoic  steata.— 
See  fig. 

Caulopteris  (Gr.  kaulos,  stem,  and 
pteriSf  fern). — Literally  tree-fern;  a 
genus  of  stems  or  trai:Jcs  found  in  ihe 
coal-measures,  and  r^^uxled.  by  Dr 
Lindley  as  decidedly  the  stems  of  Iree- 
ferns.— See  fig..  Carboniferous  System. 

Cephalaspis  (Gr.  JcmJuUi,  head,  and  05- 
piSf  buckl^. — A  fish  of  the  old  red 
sandstone ;  so  called  ftom  the  buckler 
shape  of  ite  head,  the  bones  of  which 
seem  to  have  been  united  into  a  single 
piece  or  case.  The  body  also  seems  to 
have  been  protected  by  osseous  bands, 
leaving  the  tail,  x>ectorals,  and  other 
fins  free,  as  in  the  existing  trunk-fish. 
— See  fig.,  Devonian  System. 

Cephalopoda  (Gr.  k^phali,  head,  and 
pouSf  podos,  foot). — The  highest  class 
of  molluscia,  with  foot-l^e  oigans 
around  the  mouth  or  head,  as  the 
cuttle-fish  and  nautjlus. 

Ceratiocaris  (Gr.  keration,  a  pod,  and 
kdrU,  shrimp).  —  An  upi>er  Silurian 
crustacean,  whose  exact  affinities  are 
unknown,  out  whose  form  apparently 
connects  it  with  apus  and  dithyrocaris. 
It  derives  ite  name  from  ite  laige, 
finely-striated,  pod-like,  bivalved  cara- 
pace, which  has  firequently  be^i  mis- 
taken for  a  bivalve  sh^U. — See  fig., 
Silurian  System. 
Ceratites  (Gr.  keras^  a  horn). — A  genus 
of  triassic  chambered  cephalopods,  dis- 
tinguished from  the  anuuonites  oi  the 
superincumbent  lias  and  oolite  by  the 
absence  of  foliated  sntnres  —  the  de* 
scending  lobes  terminating  in  small 
denticulations  iK)in1ing  inwards.— See 

CsaT&KSAQ^iiv&B.,  ^^ssn:«j^s»s\^nc8  (Gr.  ku- 
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from  its  formidable  teeth). — A  sub- 
family of  sharks,  occurring  in  all  for- 
mations from  the  Silurian  upwards, 
and  now  represented  by  a  solitary  spe- 
cies, the  CestracUm  Phillippi^  or  Port 
Jackson  shark.  The  character  of  the 
cestracionts  is  marked  by  the  presence 
of  large  polygonal,  obtuse,  enamelled 
teeth,  covering  the  interior  of  the 
moutb  with  a  kind  of  tesselated  pave- 
ment. 

Chalybeate  (Gr.  chalybSf  iron). — Im- 
pregnated with  iron ;  apphed  to  springs 
containing  iron. 

Cheiracamthus  (Gr.  cheir,  the  hand,  and 
akantha,  a  thorn). — Literally  "thorny 
hand,"  in  allusion  to  the  spiue  that 
protects  the  pectoral  fins.  The  cheir- 
acanthus  belongs  to  the  Acanthod  fa- 
mily; was  a  small  slim  fish,  covered 
with  minute  lozenge-shaped  scales, 
each  having  a  slight  median  ridge ;  and 
armed  in  sJl  its  fins  with  defensive 
spines.  Differs  from  acaiUhodes  in 
having  the  dorsal  situated  in  advance 
of  the  anal  fin.— 8ee  fig..  Old  Red 
Sandstone. 

CHEROPOTAMUs(Gr.,  literally  river-hog). 
— A  pachydermatous  quadruped  from 
the  Paris  tertiaries,  very  closely  related 
to  the  hogs  ;  hence  the  name. 

Chert.  —  A  mixed  silicious  rock,  or 
rather  flinty  x)ortions  occurring  in  other 
rocks,  as  limestone.  A  limestone  so 
silicious  as  to  be  worthless  is  said  to 
be"cherty." 

Chiastolite  (Gr.  chia^oB^  marked  with 
the  letter  Xt  or  cleft,  and  lithos^  stone). 
— ^A  mineral  whose  crystals  are  arrang- 
ed in  long  four-sided  prisms,  and  often 
cross  and  lie  over  each  other  in  certain 
day-slates  like  the  letter  x* 

Chlorite  (Gr.  cUorcw,  greenish).  —  A 
mineral  occurring  in  the  granitic  and 
metamorphic  rocks,  often  in  thin  scales 
like  mica,  more  firequently  disseminat- 
ed throu^  or  coating  the  laminge  of  the 
schist  in  which  it  occurs — e.  9.,  chlo- 
rite schist 

Choke-damp. — A  miner's  name  for  car- 
bonic acid  gas,  as  distinct  from  fire- 
damp,  or  light  carburetted  hydrogen. 
See  After-damp  and  Stytha 

Chondrites  (Lat  chondrvs,  a  species  of 
sea-weed). — Fossil  marine  plants  of  the 
chalk  and  other  formations  ;  so  called 
from  their  resemblance  to  the  existing 
chondrua. — See  fig.,  Silurian  System. 

Claystone  and  Claystone-porphyry. 
— Felspathic  igneous  rocks  of  a  tough 
but  earthy  textura — Felstones. 

Clay-ironstone. — A  familiar  term  for 
the  impure  earthy  carbonates  of  iron 
which  occur  in  nodules,  layers,  and 
bands  chiefly  in  the  coal  formation ; 
hence  day-hand  in  contradistinction  to 
black-band — tlie  former  being  an  earthy 
carbonate  merely,  while  the  latter  em- 


bodies a  large  percentage  of  coaly 
matter. 

Cleavaok. — A  fissile  structure  not  coin- 
cident with  (often  at  right  angles  to) 
the  original  lamination  or  bedding  of 
the  strata  in  which  it  occurs.  Preva- 
lent in  clay-slates  ;  hence  their  pecu- 
liar fissility. — See  dia^jam. 

Clinkstone.  —  A  species  of  felspathic 
greenstone  ;  so  called  from  its  ringing 
sound  under  the  hammer.  Same  as 
Phonolite. 

Clymenia  (Gr.  dymenh,  a  sea-njrmph.) — 
A  genus  of  nautiloid  shells  pecuQar  to 
devonian  strata,  in  which  upwards  of 
40  species  have  been  detected.  In  the 
clymenia  the  septa  of  the  chambers  are 
simple  or  slightly  lobed,  and  the  siph- 
uncle  is  intmial  instead  of  dorsal,  as  in 
the  ammonites ;  hence  the  occasional 
synonym  ot  Endosivlumitea. — See  fig. 

Coccx>8TEU8  (Gr.  kokkos,  a  berry,  and 
osteon,  a  bone ;  literally  "berry-bone"). 
— ^A  fish  of  the  old  red  sandstone,  and 
so  termed  from  the  small  berry-like 
tubercles  with  which  the  plates  of  its 
cranial  buckler  and  body  are  thickly 
studded.  In  general  appearance  coccos- 
teu8  resembles  pterichthya,  but  wants 
the  arm-like  appendages,  and  is  usually 
much  larger— ranging  in  the  Caithness 
flagstones  trom  a  few  inches  to  two 
feet  in  length. — See  fig..  Old  Red  Sand- 
stone System. 

Cololites  (Gr.  kolon  and  lithos).  —  A 
name  given  to  certain  tortuous  and 
convoluted  intestinal-like  masses  and 
impressions,  supposed  to  be  either  the 
petrified  intestines  of  fishes,  or  the 
contents  of  their  intestines,  still  re- 
taining the  form  of  the  tortuous  tube 
in  which  they  were  lodged.  In  most 
instances,  however,  these  so-called 
oololites  are  undoubted  worm -casts, 
like  those  thrown  up  on  sandy  shores 
by  the  common  lob- worm. 

Colossochelys  (Gr.  kolosaos,  a  statue  of 
enormous  size,  and  chelys,  a  tortoise). 
— The  generic  term  given  by  Dr  Fal- 
coner to  the  bones  and  portions  of  the 
carapace  of  a  tortoise  of  gigantic  di- 
mensions, discovered  by  him  and  Cap- 
tain Cantley  in  the  upper  tertiaries  of 
the  Sevalik  Hills  in  India.  The  re- 
mains indicate  a  length  of  12  or  14  feet. 

CoNCHiFERA  (Lat  oonchOj  a  shell,  and 
fero,  1  carry). — Shell-fish ;  applied  in 
a  contracted  sense  to  the  bivalve  mol- 
luscs, and  used  as  equivalent  to  La- 
meUlbranAihiata, 

Conchoidal  (Gr.  konche,  and  eidos, 
form). — Shell-like ;  applied  to  that  pe- 
culiar  fracture  of  rocks  and  minerals 
which  exhibits  concave  and  convex 
surfaces  resembling  shells ;  thus,  when 
we  chip  a  piece  of  flint  or  cannel-coal, 
the  newly-exx)Osed  surfJEice  exhibits  the 
conchoidal  fnuctooK;. 


502 


GLOSSABY. 


grown  together).— Nodule«  like  those 
of  (>hert  or  iroiuitone,  the  grains  and 
Hiiherules  of  oolite,  and  the  ^pe-like 
dusters  of  the  ma^esian  hmestone, 
are  termed  concretions,  as  formed  by 
a  mole<>ular  aggregation  distinct  from 
cry*tnUijntion. 

CoN'rERviTEA — Fossil  plants  apparently 
allie<l  to  the  wiuatic  conferva;. 

CoNPORMABLR.  —  Strata  or  groups  of 
strata  lying  one  above  another  in  pa- 
rallel onler. 

CoNGLOMCRATK  (Tjit.  con,  tc^ther,  and 
gliimerarf,  to  gather  in  round  heax^X 
—  Roi'ks  com)H>8cd  of  consolidated  gra- 
vels ;  knoMm  also  as  pudding-stones^ 
fh)m  the  resemblance  of  the  pebbles 
in  the  mass  to  the  fhiit  in  a  plum-imd- 
ding. 

CoNiFBRvG. — Cone-bearing:  applied  to 
the  ]>ine  tribe,  whose  seed  occurs  in 
cones,  as  tlie  fir,  yew,  araucaria,  &c. 

CoNULARiA  (Jjat  convhu,  a  little  cone). 
— A  genus  of  pteropod  shells,  so  called 
fhjm  their  tapeHng  conical  outline. 
Ctmularia  is  four-sided,  straight,  taper- 
ing, the  angles  grooved,  and  the  sides 
striated  transversely,  as  if  the  thin 
shell  had  been  divided  by  numerous 
septa.  Several  species  are  found  in 
the  Silurian,  devonian,  and  carbonifer- 
ous formations. — See  fig.,  Carbonifer- 
ous System. 

Copp£RAS  (Gr.  Tcupfer-VHissery. — The  fa- 
miliar term  for  sulphate  of  iron.  Tlie 
sulphate  of  copper  occurs  in  blue,  and 
the  sulphate  of  iron  in  green  crystals  ; 
hence  apparently  the  term  copperas. 
It  is  prepared  by  moistening  the  pjrrit- 
ous  shales  (sulphurets  of  iron)  which 
are  found  abundantly  in  the  coal-mea- 
sures, &c.,  and  exposing  them  to  the 
air,  when  oxidation  takes  place,  and 
the  sulphuret  is  converted  into  the  sul- 
])hate  of  iron,  which  is  subsequently 
dissolved  and  evaporated,  to  procure 
it  in  the  crystallised  state. 

CopROLiTE.  (Gr.  kovros,  dung,  and  Ktkos, 
stone). — Petrifiea  excrements,  or  dung- 
stone.  Coprolites  are  found  in  all  the 
secondary  and  tertiary  strata,  and  ap- 
pear to  be  the  voidings  chiefly  of  sau- 
rians  and  sauroid  fishes.  In  many 
instances  they  contain  fhigments  of 
scales,  shells,  &c,  the  undigested  por- 
tions of  the  prey  of  these  voracious 
animals.  Many  specimens  exhibit  on 
their  surfaces  the  corrugations  and 
vascular  impressions  of  the  intestines ; 
and  masses  of  coprolites  have  been  de- 
tected in  sitv  within  the  ribs  of  liassic 
ichthyosauri. 

Coral  (Gr.  korallion). — The  comprehen- 
sive term  for  all  calcareous  structures 
secreted  by  the  marine  asteroid  pol- 
ypea  or  zoophytes.  Coralloid,  having 
the  appearance  or  structiire  ot  coxaV 
Coral-reef. — The  term  appWed  to  tYv^ 
•*^  mass   of  coraV  aUueWTea. 


The  zoophytes  .being  gr^arions  and 
in  myriads,  these  stmetnres  are  spread 
over  vast  areas  of  the  southern  seas 
in  long  narrow  ledges  or  "barrier- 
reefe,"  and  in  circular  ledges  or  "at- 
olls," according  to  the  nature  of  the 
sea-bottom  and  the  depth  (from  ao  to 
60  fathoms)  they  inhabit 

CoRNBRASH. — ^A  coarsB  shelly  limestone 
of  the  upper  oolite,  said  to  derive  its 
name  fW)m  the  &cility  with  whidi  it 
disint^rates  and  breaks  up  (brashy) 
for  the  purposes  of  corn-land^ 

Cosmic AL  (Gr.  koamos,  the  worldX— Re- 
lating to  the  world  or  universe. 

Cosmogony  (Gr.  kosmos,  world,  and  goni^ 
origin). — Reasoning  or  speculation  as 
to  the  origin  or  creation  of  the  oni- 
verse. 

Cosmography  (Gr.  kosTnos^  world,  and 
grapho,  I  write). — The  science  which 
treats  of  the  several  parts  of  the  world, 
their  laws  and  relations. 

Cosmology  (Gr.  kosnua,  world,  and  loga, 
reasoning). — The  science  that  treats  of 
the  laws  which  govern  the  physical 
universe ;  the  study  of  the  world  m 
general. 

Crag  (Celt,  creggany  shellX — A  shelly 
tertiary  deposit  of  the  pliocene  epoch, 
occurring  in  Norfolk  and  Suffolk,  and 
consisting  of  three  members  —  the 
Mammallferous,  the  Red,  and  the  Co- 
ralline Crags. 

Crag  and  Tail  (properly  "Craig  and 
T^l"^. — Applied  to  a  form  of  second- 
ary hills  common  in  Britain,  where  a 
bold  precipitous  fi:ont  is  exposed  to 
the  west  or  north-west,  and  a  edoping 
declivity  towards  the  east. 

Crania  (Gr.  kranoSf  a  helmet  or  head- 
piece).— A  genus  of  small  brachiopo- 
dous  molluscs,  which  attach  them- 
selves to  other  bodies,  and  consequent- 
ly have  the  lower  valve  flat,  and  the 
upper  limpet-like  or  helmet-shaped. 
They  occur  firom  the  lower  sUurian  to 
the  chalk  inclusive. 

Crater  (Gr.  krater,  a  cup  or  bowl).— 
The  mouth  or  orifice  of  a  volcano ;  so 
called  from  its  cup  or  bowl-like  shape. 
The  craters  of  volcanoes  have  in  gene- 
ral one  side  a  little  lower,  owing  to  the 
prevailing  winds  carrying  the  greater 
portion  of  the  light  material  ^coris 
and  ashes)  to  the  opposite  side. 

Crikoidea  (Gr.  krinon,  lily,  and  eidos, 
form).— Literally  lily-shaiied ;  applied 
to  a  class  of  fossil  echinoderms  (encri- 
nites),  having  lily-like  bodies  support- 
ed on  Jointed  calcareous  stalks.— See 
fig.,  Carboniferous  System. 
Criooeras,  Crioceratitb  (Gr.  Jbrios,  a 
ram,  and  kerasy  horn). — A  genus  of  the 
ammonite  family,  peculiar  to  the  lower 
chalk  or  greensand,  and  so  named  from 
\\&  %\v&pe^  the  whorls  being  separate 
Vv^&ft  XJftft  toCka  q\  ^twc^^  \vonL — See  fig. 
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when  it  comes  to  the  surface  is  called 
the  crop  or  outcrop. 

Crystal  (Gr.  hrystdUoSy  ice), — Originally 
applied  to  transparent  gems,  but  now 
extended  to  all  minerals  having  regular 
geometrical  forms.  CrystaUised,  hav- 
ing the  structure  of  a  crystal ;  crystal- 
line,  confusedly  crystallised  ;  and«t«5- 
crystaUiney  indistinctly  or  faintly  crys- 
talline. 

Ctenoid,  Ctenoidean  (Gr.  kteis,  a  comb, 
and  eidos,  form). — The  third  order  of 
fishes  in  Agassiz'  arrangement  They 
are  distinguished  by  their  scales,  which 
are  Jagged  or  pectinated  (like  the  teeth 
of  a  comb)  on  the  posterior  margin. 
The  ctenoids  appear  with  the  chalk 
epoch  ;  the  perch  is  an  example. — See 
fig.,  Old  Red. 

CrENOPTYCHius  (Gr.  kteis,  ktenos,  a  comb, 
and  ptycht,  a  wrinkle). — A  genus  of 
palatal  teeth  belonging  to  the  cestra- 
ciont  family,  and  found  chiefly  in  the 
carboniferous  limestone.  They  are 
readily  distinguished  by  the  serrated 
or  comb-like  margin  of  their  tree  cut- 
ting edges. — See  fig.,  Carboniferous 
System. 

Culm  (Welsh).— An  inferior  stony  or 
shaly  anthracite  which  bums  with  lit- 
tle flame,  and  emits  a  disagreeable 
odour. 

CuPRESsiNTTEs  (Lat.  cuprcssvA,  the  cy- 
press-tree).— A  genus  of  fossil  fruits, 
evidently  ailed  to  the  cypress  order. 

Cupriferous  (Lat.  cwprwm,  copper,  and 
fero,  I  yield). — ^Yielding  or  containing 
copper. 

Ctcadites. — Fossil  plants  of  the  yoimger 


secondary  epochs,  allied  to  the  cycas 
and  zamia. — See  fig.,  Oolitic  System. 

Cycloid,  Cycloideak  (Gr.  fcyfcio*,  a 
circle,  and  eidog,  form). — ^The  fourth 
order  of  fishes  in  Agassiz'  arrangement. 
They  are  distinguished  by  their  scales, 
which  are  rounded,  smooth,  and  sim- 
ple at  the  margin.  The  cycloids  are 
chiefly  tertiary  and  recent  species :  the 
salmon  and  herring  are  examples.— See 
fig..  Old  Red. 

Cyclopteris  (Gr.  kykloSf  a  circle,  and 
pteris,  a  fern). — An  extensive  genus  of 
fem-like  plants,  ranging  from  the  de- 
vonian to  the  oolite  inclusive  ;  and  so 
called  from  the  rounded  or  circular 
shape  of  their  leaflets,  which  are  entire, 
have  no  midrib,  but  are  thickly  marked 
with  dichotomous  veins,  that  radiate 
firom  the  base  to  the  mai^in. — See  fig. , 
Oolitic  System. 

Cypris.  — A  family  of  minute  crustaceans 
having  two  flattish  crusts  or  valves  like 
those  of  a  bivalve  shell,  and  inhabiting 
the  waters  of  lakes,  marahes,  and  estu- 
aries. Fossil  species  occur  in  all  rocks, 
from  the  lower  coal-measures  upwards. 
— See  figs.,  Carboniferous  and  Oolitic 
Systems. 

Cystidejs  (Gr.  kystis,  a  bladder). — A  fa- 
mily of  Silurian  echinoderms,  so  called 
from  their  bladder-like  shape.  They 
appear  to  have  been  sessile,  and  not 
free-moving,  like  the  cidaris  and  sea- 
urchin.— See  fig.,  Silurian  System. 

Cystiphyllum  (Gr.  kystis,  a  bladder,  and 
phyUwn,  leaf).— A  genus  of  Silurian  cc* 
rals,  externally  striated,  and  internally 
composed  of  small  bladder-shaped  cells 


Debacle. —A  French  term  originally 
signifying  the  breaking  up  of  ttie  ice 
on  a  river — a  freshet ;  but  now  applied 
to  any  sudden  flood  or  rush  of  water 
which  breaks  down  opposing  barriers, 
and  hurls  forward  and  disperaes  blocks 
of  stone  and  other  debris. 

Debris  (Fr.,  wreck  or  waste). — A  conve- 
nient term,  adopted  ftt)ra  the  French, 
for  any  accumulation  of  loose  material 
arising  from  the  waste  of  rocks :  also 
for  dnfted  accumulations  of  vegetable 
or  animal  matter. 

Degradation  (Lat.  de,  down,  and  gra- 
duSf  step).— Removing  or  wasting  down 
step  by  step.  The  degradation  of  hills 
and  cliffs  is  caused  by  atmospheric  and 
aqueous  agency ;  hence  water  is  said 
to  exert  a  degrading  influence  on  the 
earth's  crust. 

Deinornis,  Dinornis  (Gr.  deinost  ter- 
rible, and  omis,  bird). — A  gigantic  cur- 
sorial bird  of  several  species,  whose  re- 
maiiiB  bare  been  discovered  in  a  sub- 


fossil  state  in  the  river-silts  of  New  Zea- 
land. 

Deinosauria  (Gr.  deitios,  terrible,  and 
sauros,  lizard). — ^The  huge  terrestrial 
saturiaus  of  the  oolite  and  wealden  have 
been  so  termed  by  Professor  Owen. 
The  order  embraces  the  igrianodorif 
megcUosaurus,  and  hyloBosaiirus. 

Deinotherium  (Gr.  deinoSf  terrible,  and 
therion,  wild  beast). — ^A  huge  probosci- 
dean pachyderm  found  in  the  miocene 
teriiaries  of  France  and  Germany.  Its 
zoological  position  is  not  yet  distinctly 
ascertaineo. — See  fig. 

Delta. — ^The  alluvial  land  formed  at  the 
mouth  of  a  river,  such  as  that  of  the 
Nile,  which  received  this  name  from 
the  resemblance  of  the  space  enclosed 
by  the  two  main  branches  of  the  river 
to  the  Greek  letter  A,  delta. 

Dendrerpeton  (Gr.  dendron,  a  tree,  and 
erpetoUy  a  lizardV — ^  «0Ba}^.>iaasSw>SiA 
xeptVVft  tcota.  XXie*  c»^-\si'?»a\v:«A  ^VS.'ss-a. 
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m  tlic  boQow  of  a  fb«al  tnmk,  and 
hiaice  sappuaed  to  have  been  of  arbo- 
nsal  habita. 

DcsTDamc  (Gr.  dendnm^  a  treeX — Ap- 
pUed  to  certain  blanching  moaa-like 
appeanuices.  which  occur  on  the  sor- 
taix»  'it  the  fiaaansa  and  juiuta  inn)ck& 
They  are  apt  to  be  miataken  flbr  foeal 
▼egetatiun.  bat  are  itrictly  iaotganic 
and  of  chemical  oni^n. 

DtsxTDA.Tios  (LaL  'ie,  down,  and  aarfaj; 
nahedX  — Larinie  bare  by  removal.  The 
removal  of  sapetlleial  matter,  ao  aa  to 
lay  bare  the  mteior  atrata*  ia  an  act 
of  dt^odation;  so  alao  the  remoral 
by  water  of  any  tbrmatkm  or  part  of 
a  fi>rmatiun. 

Dcp«3arr  (LaL  dt^  down,  and  poaihu^ 
plaf.*«dX— Applied  to  matter  which  has 
settled  down  from  aospenaion  in  water. 
Xnd,  «and,  ±e.,  are  deptMita,  and  are 
oanally  dintingniHhed  by  the  pooitioiiB 
in  which  they  occur,  or  by  the  agencies 
concerned  in  their  f(»mation,a8ftaTia- 
tile,  iacoatrine,  marine,  Ac. 

DKnBT-aPAB.— A  fttmiliar  name  lor  fhior- 
apar.  from  ita  occurring  abundantly  in 
the  Dorbyahire  limestone  Tein&  See 
Flaor-«par. 

DmuTTs  (Lat  d«,  down,  and  tritmt, 
rubbed  or  worn). — An  appropriate  term 
for  accumulations  arising  from  the 
waate  of  exposed  rock-sur&ces. 

Devoxias. — A  synonym  of  the  old  red 
sandstone,  which  is  typically  derelop- 
ed  in  DeTonshire.    Properly  the  upper- 
•    middle  poitioa  of  the  old  red  sand- 
stone. 

DuLLAOK  (Gr.  diaUagi^  interchangeX — 
A  silicio  -  magnesian  mineral,  having 
a  laminated  or  bladed  cleavage,  and 
ao  called  from  its  changeable  colour. 
Forms  diallage  rock,  ami  enters  into 
the  composition  of  serpentine.  Same 
as  Schiller-spar,  which  see. 
'*'  Diamond  (Gr.  adamas,  unsubdued^ — 
The  diamond  ;  so  called  in  allusion  to 
its  hardness.  The  diamond  is  the  most 
precious  of  known  gems ;  and,  chemi- 
cally speaking,  is  crystallised  carbon. 

DicHOBUNE  (Gr.  dicJuif  divided  in  two, 
and  bcmnoSf  a  ridge).— A  genus  of  ano- 
plotheroid  quadrupeds,  whose  remains 
occur  chiefly  in  tiie  eocene  or  lower 
tertiaries  of  Europe;  and  so  called 
from  the  deeply-cleft  ridges  of  the 
upper  molars. 

DieoTYLEDONotjs  (Gr.  diSf  double,  and 
kotyledoTif  seed-lobe). — A  grand  divi- 
sion of  the  v^etable  kingdom,  com- 
prising all  those  plants  whose  seeds 
are  composed  of  two  lobes  or  seed- 
leaves.  They  are  exogenous,  or  in- 
crease by  external  layers  of  growth, 
and  the  venation  of  their  leaves  is 
reticulated   or  net-like,  and   not  in 

parallel  order,  as  in  moiiocoty\edouo\xa 

ejidogens. 
n«i«M«AOM«ij,^ii  (Qr.  difctvon,  a  net,  Kna 


fAfOvss  a  leafX— literally  "net-leai;" 
a  i»oTisioiial  genus  erected  for  the  re- 
eeptioD  of  all  unknown  fossil  dicotyle- 
doDoos  leaves  which  exhibit  the  com- 
mon reticulated  structore.  Dietyo- 
jiAyfla  have  been  found  as  low  as  Uie 
trias  and  permian. 

DicnroDOH  (Gr.  di,  two;  kyoKy  dog; 
and  odoiu,  toothy — ^Literally  "two- 
canine-teeUi,''  a  genus  of  very  peculiar 
reptiles,  oecuning  in  sandstone,  sup- 
posed to  be  of  triassic  age,  in  Southern 
Africa  and  BengaL  The  principal  re- 
mains yet  found  are  the  bones  of  tiie 
head,  which  seem  to  indicate  a  gigan- 
tic type  between  the  lizards  and  tur- 
tles. The  eye  orbits  are  very  laige; 
the  cranium  flat,  with  nostrils  divided 
as  in  lizards  ;  and  the  jaws  toothless, 
with  the  exception  that  the  upper  jaw 
possesses  a  pair  of  long  tiuks,  im- 
planted in  sockets,  and  turned  down- 
wards like  those  of  the  walrus ;  hence 
the  name  dicynodon. — See  fig.,  Triassic 
System,  and  Anowiodoniia, 

Diluvium,  Diluvial  (Lat.  dts,  asunder, 
and  hurt,  to  washX — Alluvium  (which 
see)  has  been  described  as  the  term 
usuaUy  applied  to  matter  brought  to- 
gether by  the  ordinary  operations  of 
water ;  diluvium,  on  the  other  hand,  is 
regarded  as  implying  the  extraordinary 
action  of  water.  In  this  sense  it  was 
at  one  time  restricted  to  those  accu- 
mulations of  gravel,  Ac.,  supposed  to 
have  been  the  consequence  of  the 
Noochian  deluge ;  but  it  has  now  a 
wider  signification  in  geology,  being 
applied  to  all  masses  apparently  the 
result  of  powerftil  aqueous  agency. 

DiKOCERAS  (Gr.  deinosy  terrible,  Jbenu, 
horn). — ^A  gigantic  mammal  occurring 
in  the  tertiaries  of  Western  America, 
combining  the  horns  (four  in  number) 
of  a  ruminant  vrith  the  canines  of  a 
carnivore.  The  tjrpe  of  the  new  order 
DtnooercUa.— See  fig. 

DiORiTE. — ^A  variety  of  greenstone  com- 
posed of  felsi)ar  and  hornblende.  See 
Dolerite. 

Dip. — The  inclination  or  angle  at  which 
strata  slope  fix>m  the  pUme  of  the  hori- 
zon, or  level. 

DiPROTODON  (Gr.  dis,  two ;  proios,  first ; 
and  odous,  tooth). — ^A  gigantic  pachy- 
dermoid  marsupial  mammal  trom  the 
pleistocene  or  upper  tertiary  beds  of 
Australia;  SAd  so  termed  frrom  the 
large  scalpriform  character  of  its  in- 
cisors or  front  teeth.  The  head  of  a 
specimen  now  in  the  British  Museum 
measures  three  feet  in  length,  and 
gives  some  idea  of  the  immense  size  of 
tiie  creature,  which,  while  neariy  re- 
lated to  the  kangaroo,  has,  according 
to  Owen,  "  osculant  relationship  with 
Wvfe  bfttbivoTOUs  wombats." — See  fig.. 
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integer,  whole).— The  breaking  asunder 
of  any  whole  or  solid  matter.  The  dis- 
integration of  rocks  is  caused  chiefly 
by  the  slow  action  of  frosts,  rains,  and 
other  atmospheric  influences. 

Dislocation  (Lat  dUy  asunder,  and 
locuSf  place  or  i)osition). — A  general 
term  for  any  displacement  of  the  stra- 
titled  rocks  from  their  original  hori- 
zontal or  sedimentary  position.  Slips, 
Faults f  and  the  like,  are  "disloca- 
tions." 

DiTHYROCARis  (Gr.  ditkyros,  having  two 
valves,  and  karis,  shrimpX — A  genus 
of  phyllopod  crustaceans  flrst  dis- 
covered by  Dr  Scoular  in  the  coal- 
shales  of  Lanarkshire,  and  so  named 
from  its  being  enclosed,  like  the  exist- 
ing genus  aptis,  in  a  thin,  flattish,  bi- 
valved  carapace.— See  fig..  Carbonifer- 
ous System. 

DoLERiTB  (Gr.  doleros,  deceptive). — ^A 
variety  of  basalt,  composed  of  felspar 
and  augite;  so  called  from  the  diffi- 
culty of  discriminating  these  oom- 
•pounda. 

Dolomite  (after  M.  Dolomieu). — A  term 
for  crystalline  magnesian  limestone, 
as  distinguished  from  the  earthy  va- 
rieties. 

DoMiTK. — A  granular,  arenaceous-look- 
ing variety  of  trachyte  found  in  the 
Puy  de  Dome,  Auvergne;  hence  the 
name. 

Drift.  —  Literally  *'  that  which  is 
driven;"  as  aandrdriftf  sand  driven 


and  accumulated  by  the  wind  ;  driJU 
ioood,  wood  carried  down  by  rivers  and 
driven  by  tides  and  currents  to  distant 
shores.  In  geology  the  word  is  fire- 
quently  used  as  an  abbreviated  term 
for  the  "Glacial  Drift,"  "Northern 
Drift."  or  "DUuvial  Drift"  of  the 
pleistocene  epoch. 

Dromathebium  (Gr.  dromaios,  swift- 
running,  and  therion,  beast). — The 
name  given  to  a  small  mammal,  teeth. 
Jaws,  and  detached  bones  of  which 
have  been  discovered  by  Mr  Emmons 
in  the  red  sandstones  of  Virginia  and' 
North  Carolina — strata  which  by  some 
are  regarded  as  triassic,  and  by  others 
as  the  equivalents  of  our  European 
permians.  Supposed  to  be,  like  ampM' 
therium  and  phosoolotherium,  of  mar- 
supial afilnity.— See  fig. ,  Triassic  Sys- 
tem. 

Dune  (Brit,  a  hUl).— Usually  applied  to 
hillocks  of  blown  sand.  Sana-dunes, 
sand-drift. 

Dtke  (Scot,  a  wall  or  fence). — ^Applied 
to  those  wall-like  intrusions  of  Igne- 
ous rock  which  fill  up  veins  and  fissures 
in  the  stratified  systems.  In  general, 
they  burst  through  and  displace  the 
strata,  though  occasionally  they  merely 
fill  up  rents  and  fissures.  They  are 
termed  hard  dykes  when  composed  of 
igneous  rocks ;  and  soft  dykes  when 
filled  up  with  rubbly  matter  washed 
in  tram  above. 


£ 


EcHiNiTE  (Gr.  ecMnos,  urchinX — ^A  term 
for  any  fossil  echinoderm. 

EcHiNODERMATA  (Gr.  schinos,  urchin, 
and  derma,  skin). — A  numerous  order, 
recent  and  fossil,  of  radiata,  like  the 
star-fish,  encrinite,  and  sea-urchin — 
all  less  or  more  covered  with  a  firm 
coriaceous  or  crustaceous  int^ument. 

Edentata  (Jjat.  edentaia,  toothless). — 
In  Cuviers  arrangement,  tiiose  mam- 
mals destitute  of  fore  or  incisive 
teeth.  The  order  comprehends  the 
Edtntaia  proper— viz.,  ant-eaters,  ar- 
madilloes,  &c.;  the  Tardigrada  or 
sloths ;  and  the  Monotremaia,  which 
embraces  the  echnida  and  omitho- 
rhynchus. 

Efflorescenob  (Lat.  eMortaoo,  I  put 
forth  flowers). — Appli^  in  mineralogy 
to  those  saline  excrescences  which 
cover  certain  minerals,  like  alum-shale, 
sulphuret  of  iron,  &c.,  when  exposed 
to  the  action  of  the  atmosphere. 

Elaterite. — Elastic  mineral  pitch  or 
caoutchouc.  Masses  of  bitumen  pos- 
sessing a  certain  degree  of  elasticity 
are  often  found  in  the  crevices  of  car- 
boni/eroas  Jimestones.     On  long  ex- 


posure to  the  air  elaterite  becomes 
hard  and  brittle,  like  asphalt. 

Elvan.  Elvan  Courses.— a  Cornish 
name  for  a  felspathic  rock,  occurring 
in  dykes,  in  the  mining  districts. 

Embouchutrb  (Fr.)— The  mouth  of  a 
river ;  that  part  of  a  river  where  it 
enters  the  sea. 

Enaliosauria  {Qt.  enalios,  marine,  savr 
Tosy  lizardX — ^Literally  sea-saurians  ;  a 
fossil  group  of  reptUes,  including  tiie 
aquatic  forms— ichthyosaurus,  plesio- 
saurus,  Ac. 

ENCRiNrrEs  (Gr.  Ibrinon,  a  lily). — ^An  ex- 
tensive family  of  fossil  radiata,  having 
a  long  jointed  stock,  surmounted  by  a 
lily-shaped  branching  body.  The  in- 
ternal calcareous  skeletons  of  the  en- 
crinites  are  so  abundant  in  some  car- 
boniferous limestones  as  to  compose 
the  greater  i)ortion  of  the  mass  ;  hence 
the  term  encrinal  or  encrinitaX  lime' 
sUme, — See  fig,.  Carboniferous  System. 

Endoobnitrs. — Fossil  stems  exhibiting 
the  endogenous  structure  are  so 
termed. 
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v^etable  kingdom  whose  growth  takes 
place  firom  within,  and  not  by  external 
concentric  layers,  as  in  the  exogens. 
Set  Monocotyledonous. 

Emtomostraca  (Gr.  enUymoUt  insect,  and 
oatrakon,  shell). — Literally  shelled  in- 
sects (fh>m  being  provided  with  a 
broad  shield  or  bivalved  carapace) ;  an 
extensive  division  of  cnistacea,  so 
termed  as  contrasted  with  the  soft- 
bodied  malacostrac^. 

Emtruchi  (I^t  trochtis,  a  wheel). — A 
name  given  to  the  wheel-like  joints  of 
the  encrinite,  which  are  frequently 
scattered  through  certain  limestones  ; 
hence  entrochal  marble.  See  St  Cuth- 
bert's  Bea<is. 

Eocene  (Or.  ios^  dawn,  and  kainoSf  re- 
cent).— Sir  C.  Lyells  term  for  the 
lowest  group  of  the  tertiaiy  system  in 
which  the  dawn  of  recent  life  appears. 
The  percentage  of  recent  shells  in  the 
sroup  is  from  3  to  6 ;  in  the  Miocene 
from  18  to  24 ;  and  in  the  Pliocene 
trom  35  to  6a 

EoLiAN  (Eolus,  ffod  of  the  winds). — A 
term  occasionally  employed  to  aesig- 
nate  loose  material  Qike  sand)  drifted 
and  arranged  by  the  wind.  Thus  we 
may  have  Eolian  or  «u&-a«7*i<i2  accumula- 
tions as  well  as  cufueous  or  sedimentary. 

Eozuic  (Or.  to8,  dawn  ;  zo^,  life). — ^Aterm 
recently  introduced  to  express  the 
oldest  fossiliferous  rocks,  such  as  the 
Laurentian  and  Huronian  of  Canada, 
fh)ra  their  containing  the  first  or 
earliest  traces  of  life  in  the  stratified 
systems. 

EozooN (Gr.  io8,  dawn,  and zoon,  animal). 
— A  foraminiferal  organism  occurring 
in  the  Laurentian  limestones  of  Canada, 
and  so  named  by  Principal  Dawson 
from  its  x)osition  in  the  oldest  stratified 
rocks  yet  known  to  geology.  It  is 
found  in  large  sessile  patches,  after  the 
manner  of  Carpenteria;  knd  though 
greatly  mineralised,  yet  reveals  to  the 
microscope  a  structure  resembling  that 
of  other  foraminiferal  forms. — See  fig. 

Equisetites  (Lat  equiaetum,  the  plant 
horsetail). — Fossil  plants  resembling 
the  equisetum  of  our  pools  and  mar- 
shes.— See  fig..  Carboniferous  System. 

Eremacausis  (Gr.  eremi,  slow,  solitary, 
and  kaiisis,  burning).— Liebig's  term 
for  slow  chemical  change ;  decay. 

Erosion  (Lat  erosus^  gnawed  or  worn 
away).— The  act  of  gradually  wearing 
away;  the  state  of  being  gradually 
worn  away ;  as,  for  example,  **  valleys 


of  erosion,"  or  those  valleys  which 
have  been  gradually  cut  out  of  the 
solid  strata  by  the  long-continued 
action  of  the  river  or  rivers  that  flow 
through  them. 

Erratic  Block  Group. — ^A  83nionym  of 
the  boulder-clay,  so  called  from  the 
large  transx)orted  blocks  which  are 
thickly  strewn  through  it. 

Escarpment  (Fr.  escarper,  to  cut  steep). 
— ^The  abrupt  fiu»  or  cliff  of  a  ridge  or 
hill-range. 

Estuary  (Lat.  oBstua—cestuo,  to  boil— 
the  tide,  so  called  from  the  troubled 
boiling-np  of  the  water-line  which 
marks  its  approach). — Estuaries  are, 
properly  speaking,  tidal  liver-mouths, 
like  those  of  the  Thames,  Severn,  Sol- 
way,  &c.,  whose  fauna  and  flora  are 
mixed  fr^h-water  and  marine. 

EuoMPHALus  (Gr.  eu,  well,  and  omphalos, 
the  navel). — A  coiled  naatiloid  shell  of 
the  mountain  limestone— the  coils  not 
being  in  the  same  plane,  like  the  am- 
monite; hence  its  umbilical  shape.— 
See  fig. 

EuRYPTERUs,  EuRTPTERn>.«  (Gr.  euros, 
breadth,  and  pterorbf  wing  or  fin).— A 
genus  and  fkmily  of  extinct  crusta- 
ceans, ranging  from  the  upper  Silu- 
rians to  the  lower  coal-measures  in- 
clusive, and  so  termed  in  allusion  to 
their  broad  oar-like  swimming-feet 
The  family  embraces  euryptenu  pro- 
per, pterygotus,  and  others,  all  char- 
acterised by  their  long  lobster-like 
bodies  of  eleven  segments,  their  more 
or  less  pointed  tail-plate,  and  broad 
cephalic  carapace,  on  the  under  side 
of  which  are  situated  the  foot-jaws 
or  organs  of  mastication,  as  in  the 
eidsting  king-crab.— See  fig.,  Biloiian 
System. 

ExooENiTBS.  —  Any  fragment  of  fossil 
wood  exhibiting  the  exogenous  struc- 
ture, and  otherwise  of  unknown  afftn- 
ity,  is  so  termed. 

ExoQENS  (Gr.  exo,  without,  and  giiumai, 
I  am  formed). — That  division  of  the 
vegetable  kingdom  whose  grovrth  takes 
place  by  external  concentric  layers. 
See  Dicotyledonous. 

ExuviiB  (Lat.,  cast  clothes). — In  Zoology 
this  term  is  applied  to  the  moulted  or 
cast-of  coverings  of  animals,  such  as 
the  skin  of  the  snake,  the  crust  of  the 
crab,  &c  ;  but  in  Geology  it  has  a 
somewhat  wider  sense,  and  applies  to 
all  fossil  animal  matter  of  whatever 
descriptioiL 


J!acbt  (Ft.  facetted   a  little  face).— Ap- 
plied to  tiie  small  terminal  faces  of 
9ls  and  cut  gems. 
(Lat)— A  convenieut  \«nn.  ift- 


cently  introduced  to  express  any  com- 
mon  resemblance   or   aspect    among 
«\?ra.\A^   V^^aSCa^   xQlxuecala.     and    the 
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Faikes  or  Fakes. —A  Scotch  miner's 
temi  for  fissile  sandy  shales,  or  shaly 
sandstones,  as  distinct  from  the  dark 
bituminous  shales  known  as  "  blaes  " 
or  *'blaize." 

Falciform  (Lat  faiXf  a  reaping-hook, 
and /orma). — Shaped  like  a  scythe  or 
reaping-hook. 

Faluns. — ^A  French  provincial  term  for 
the  shelly  tertiary  strata  of  Touraine, 
which  resemble  the  "  crag  "  of  Norfolk 
and  Suffolk. 

Fault. — The  term  for  any  fissure  accom- 
panied by  a  displacement  of  the  strata 
on  either  side.  On  one  side  the  strata 
may  be  thrown  down  many  fathoms, 
on  the  other  thrown  up ;  and,  at  the 
same  time,  may  be  altered  in  their  dip 
or  inclination. 

Fauna  (rural  deities). — A  convenient 
term  for  the  animals  of  any  given 
epoch  or  area. 

Pavosjtes  (Lat  famis,  a  honeycomb). — 
A  genus  of  Silurian  sessile-spreading 
corals. 

Favularia  (Lat  favosus,  honeycombed). 
— A  genus  of  coal-measure  pUnts,  hav- 
ing ftirrowed  stems,  and  square-shaped 
leaf-scars  on  the  ridges.  The  favularia, 
like  the  lepidodendron,  seems  to  have 
been  clothed  with  densely-imbricated 
leaflets. — See  fig.,  Carboniferous  Sys- 
tem. 

Felspar  (6er.,  rock-spar). — An  abundant 
mineral,  composed  of  silica  and  alum- 
ina with  soda  or  potash,  and  variously 
coloured,  which  enters  largely  into 
the  competition  of  all  igneous  rocks 
—granite,  porphyry,  greenstone,  and 
trachyte. 

Felspathic. — Composed  ofl  or  abound- 
ing in,  felspar;  appliea  to  certain 
traps,  porphyries,  claystones,  &c 

Fenestella  (Lat.,  a  little  window^— An 
extensive  genus  of  polyzoans,  resem- 
bling the  retepora  and  ftustra  of  exist- 
ing shores,  and  found  in  all  the 
palaeozoic  strata  from  the  Silurian 
upwards. 

Ferruginous  (Lat.  ferrumt  iron). — Im-, 
pregnated  with  oxide  of  iron.  FerrU' 
feroTis,  yielding  iron. 

FiouRE-STONE. — A  Variety  of  talc-mica 
or  steatite ;  known  also  as  AgcUmatho- 
lite.  Its  usual  colour  is  white  or  red, 
or  both  colours  intermingled  in  bands 
and  patches.  The  finest  is  brought 
from  China  and  Upper  Burmah,  where 
it  is  cut  into  various  figures,  x)agodas, 
&c.  ;  hence  the  names  ^ure-8to)i«,pa^- 
odite,  and  the  like. 

FiLicoiD  (Lat.  ^^105,  fern,  and  eidos,  like- 
ness).— Applied  to  plants,  recent  or 
fossil,  which  resemble  or  partake  of 
the  nature  of  the  fern  tribe. 

Fireclay.— Any  clay  capable  of  resist- 
ing a  great  heat  without  slagging  or 
vitrifying.  This  property  arises  ^m 
the  absence  of  any  alkaline  earth  to 


act  as  a  flux.    Fireclays  abound  in  the 
coal-measures.    See  Underclay. 
Fire-damp. — ^A  miner's  term  for  light 
carburetted  hydrogen,    which,  when 
dHTused  in  the  atmosphere  of  the  coal- 
workings  to  the  amount  of  one-thir- 
teenth by  volume,  becomes  explosive. 
See  Choke-damp. 
Firestone. — Any  stone  that  stands  heat 
without  injury;  generally  applied  to 
certain  cretaceous  and  oohtic   sand- 
stones employed  in  the  construction 
of  glass-ftimaces.    In  geological  clas- 
sification a  calcareo-arenaceous  mem- 
ber of  the  upper  greensand  as  devel- 
oped in  Surrey. 
Flabellaria  (Lat.  flabellum,  a  fan).— 
A  provisional  genus  intended  to  em- 
brace   all   those   broad,  flabelliform, 
{)alm-like  leaves,  which  occur  particu- 
arly  in  the  coal  formation  and  tertiary 
lignites. 
Flagstone.— A   quarryman's  term  for 
any  fissile  sandstone  like  the  Arbroath 
paving-stone ;   hence  the  terms  flags 
a,nd  flaggy. 
Flint  (Sax.),  or  silicious  earth,  as  it  oc- 
curs m  nodules  in  the  chalk,  contains 
about  98  per  cent  of  silex,  with  traces 
of  lime,  iron,  and  water. 
Flora  (the  goddess  of  flowers).— A  con- 
venient term  for  the  vegetation  of  any 
given  epoch  or  area. 
Fl5tz  (Ger.)— a  term  applied  by  Werner 
to  the  secondary  strata,  because  they 
were  fl5tz,  or  flat-lying,  compared  with 
the  primary  and  transition  rocks. 
Fluor-spar  (Lat.) — Fluate  of  lime,  or 
fluoride  of  calcium,  consisting  of  67.75 
lime  and  32.25  fluoric  acid.    It  occurs 
either  in  crystals,  foliated,  or  earthy 
and  massive. 
Fluviatile  (Lat.  fluvius^  a  river).— Be- 
longing to  a  river,  or  produced  by  river- 
action. 
Flysch. — ^A  provincial  Swiss  term  for  a 
series  of  tertiary  strata  consisting  of 
dark-coloured  slates,  marls,  and  fucoi- 
dal  sandstones  immediately  overlying 
the  nummulitic  limestone. 
Foralites  (Lat.  foro,  I  bore). — Applied 
to  certain  tube-like  markings  which 
occur  in  sandstones  and  other  strata, 
and  which  seem  to  have  been  the  bur- 
rows of  annelide  having  the  habits  of 
the  common  lob-worm. 
FoRAMiNiFERA  (Lat. /ommen,  a  passage^ 
— The  name  given  by  D'Orbigny  to  a 
group  of  minute,  many-celled  organ- 
isms, the  calcareous  cells  of  which  are 
pierced  like  a  sieve  with   numerous 
pores  or  foramina  for  the  protrusion 
of  the  delicate  filaments  of  the  pro- 
tozoan that  inhabits  them.    They  are 
chiefly  microscopic  organisms  (Proto- 
zod),  and  abound  in  all  formations,  as 
weU  as  in  the  sediments  c»l  «^^^<^cc% 
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Form  ATiov.^This  term  is  often  loosely 
osed  by  geoIogistB,  bat  should  be  re- 
stricted to  any  assemblage  of  rocks 
connected  by  geological  position,  by 
immediate  succession  in  point  of  tiAie, 
and  by  organic  and  mineral  afltoities ; 
deposited,  in  £Eu:t,  in  the  same  water- 
area. 

Fossil  (haL /bssua,  dug  np).— Technically 
applied  in  Geology  to  all  petrified  re- 
midns  of  plants  and  animals  found  in 
the  earth's  crost  When  only  partially 
petrified,  or  recent,  the  term  tub-Jbisil 
ia  employed. 

FoflsiLiFEKOUs. — Applied  to  strata  con- 
taining organic  remains. 

Freestone.— Any  rock  which  admits  of 
being  fireely  cut  and  dressed  by  the 


boOder ;  generally  applied  in  Scotland 
to  sandstone. 

Fuooid  Hijat  fucua,  sea-weed,  and  Gr. 
eidoSy  form).  —  Fucoids,  or  facos-like 
impressions,  occur  on  strata  of  every 
age,  from  ue  lower  Silurians  to  the 
upper  tertiaries  ;  hence  fudtea. 

Fuller's  Earth.  — A  term  applied  to 
certain  soft  unctuous  clays  of  the  oolite 
and  chaUc  systems,  firom  their  being 
employed  in  the  falling  of  woollens. 
Any  fine  clay,  containing  from  20  to 
30  per  cent  of  alumina,  will  act  as  a 
grease-absorbent  or  fiiller's  clay. 

FuuAROLE  (ItaL  fumare,  to  smoke). — ^An 
opening  or  orifice  in  a  volcanic  district 
fifom  which  eruptions  of  smoke  and 
otJier  gaseous  fumes  are  emitted. 
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Galena  (Gr.  gctUso,  I  shine). — Sulphuret 
of  lead;  lead-glance— so  called  firom  its 
lustre. 

GALERrrES  (Lai  gdUa^  a  helmet). — A 
helmet-shaped  sea-urchin  of  the  chalk 
period. — See  fig. 

Gang,  Ganoue. — The  German  term  for  a 
vein  or  lode ;  literally  "a  course  or  pas- 
sage."— Gangue,  the  veinstone,  vein- 
stuff,  matrix,  or  mother-stone,  in  which 
the  metallic  ore  occurs. 

Gannister. — The  local  name  for  a  fine- 
grained silicious  grit  which  occurs 
under  certain  coal-beds  in  Derbyshire, 
Yorkshire,  and  north  of  England. 

Ganoid,  Ganoidban  (Gr.  ganos,  splen- 
dour).— The  second  order  of  fishes  in 
Agassiz*  arrangement,  having  angular 
scales  regularly  arranged,  and  covered 
with  a  strong  shining  enamel  The 
^noids  are  chiefly  palseozoic  and  ex- 
tinct forms ;  the  bony  pike  of  Canada 
and  the  sturgeon  are  living  examples. 
—See  fig.,  Old  Red. 

Gasteropoda  (Gr.  gaster,  belly,  and  pous, 
foot). — A  class  of  moUusca  which,  like 
the  periwinkle  and  garden-snail,  have 
a  distinct  head,  and  move  by  means  of 
a  muscular  foot  attached  to  the  lower 
part  of  the  body. 

Gault. — A  provincial  term  for  the  chalky 
clays  which  occur  in  the  lower  division 
of  the  chalk  system. 

Geodes  (Gr.  geodes,  earthy). — Originally 
applied  to  nodules  of  indurated  clay  or 
ironstone  hollow  within,  or  filled  with 
soft  earthy  ochre ;  but  now  generally 
to  all  rounded  nodules  having  internal 
cavities,  whether  empty  or  lined  with 
crystals.  The  astitis  or  eagle-stone  of 
the  ancients. 

Geognosy  (Gr.  gi,  the  earth,  and  gnosis^ 
knowledge). — A  term  invented  to  ex- 
press absolute  knowledge  of  the  earth, 
in  contradistinction  to  geology,  which 
embraces  both  the  facts  and  our  rea- 
sonings respecting  them. 


Gboloqy  (Gr.  gi,  the  earth,  and  logos, 
doctrine> — embraces  all  that  can  be 
known  of  the  constitution  and  history 
of  our  planet. 

Geosaurds  (Gr.  gi,  the  earth,  and  aait- 
ru8,  lizard). — A  gigantic  terrestrial 
reptile  of  the  oolitic  epoch. 

Gervillia  (dedicated  to  M.  Gerville,  a 
French-  naturalist). — A  genus  of  the 
Aviculidse,  or  wing-shells,  found  fossil 
in  many  species,  from  the  carboniferous 
system  to  the  chalk  inclusive.  —  See 

Getser. — Literally  "  rager : "  an  Icelan- 
dic term  for  the  intermittent  boiling 
springs,  or  spouting  fountains,  which 
occur  in  connection  with  the  volcanic 
phenomena  of  that  island. 

Glacier  (Lat.  glaeUs,  ice). — ^Applied  to 
those  masses  of  ice,  or  of  snow  and  ice, 
which  collect  in  the  valleys  and  ravines 
of  snowy  mountains  like  the  Alps,  and 
which  move  downward  with  a  peculiar 
motion,  smoothing  the  rocks  over 
which  they  pass,  and  leaving  mounds 
of  debris  (moraines)  as  they  melt  away. 
— See  fig.,  par  46. 

Glance. — A  frequent  term  of  the  earlier 
mineralogists  —  as  lead-glance,  iron- 
glance,  glance-coal,  &c  ;  it  is  now 
little  used. 

Glance-coal. — Another  name  for  anthra- 
cite, in  allusion  to  its  semi-metallic 
lustre. 

Glossopteris  (Gr.  glossi,  the  tongue, 
and  pteris,  fern). — A  genus  of  oolitic 
ferns,  so  called  from  their  tongue- 
shaped  leaves  (which  are  four-parted), 
and  now  known  as  Sagenopteris.—S^ 

fig. 
Glyptodon  (Gr.  glyptoSy  sculptured,  and 
odxms,  tooth). — So  named  frx)m  the 
deeply-grooved  teeth ;  a  gigantic  eden- 
tate animal  troia.  the  upper  tertiaries 
of  South  America ;  allied  to  the  arma- 
dilloes  (Dasypince),  and  ftumished  with 
a  carapace  or  coat  of  mail,  formed  of 
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polygonal  bony  plates,  united  by  su- 
tures, which  constituted  an  impene- 
trable covering  for  the  upper  p^  of 
the  body.— See  flg.,  Tertiary  System. 
Gneiss. — A  German  miner's  term  for  the 
granitoid  schists  of  the  oldest,  primary, 
or  metamorphic 'strata. 
GoNiATiTE  (Gr.   gonia,  an  angle).  —  A 
genus  of  the  ammonite  family,  ranging 
from  the  devonian  to  the  trias,  and  so 
called  from  the  angular  lines  which 
mark  the  Junctions,  or  sutures,  of  ito 
chambers. — See  flg. 
GRA.NITE. — Literally  grain-stone  ;  an  ag- 
gregate of  felspar,  quartz,  and  mica. 
Granitic,    belonging  to   the    granite 
series ;    granitoid,  having  the  aspect 
of  granite. 
Graphite  (Qr.    grapho,  I  write). — So 
called  firom  ite  use  in  making  writing- 
pencils.  This  substeuce  consists  almost 
entirely  of  pure  carbon,  with  a  small 
percentage  of  iron,  the  proportions  be- 
ing about  90  to  9.    It  is  also  termed 
plumbago  and  bMck-lead,  from  ite  ap- 
pearance, though  lead  does  not  at  all 
enter  into  ite  composition. 
Graptolites  (Gr.  gra/ptos,  written,  and 
lithoSy  stone). — Characteristic  Silurian 
zoophjrtes,  apparently  aki^  to  the  vir- 
gularia  or  sea-x>en  of  niodein  seas  : 
hence   the   name. — See   fig.,  Silurian 
System. 
Green-earth. — ^A  soft  variety  of  chlo- 
rite or  tele,  of  a  greenish  or  blackish- 
green  colour,  often  found  coating  the 
cavities  of  amygdaloid,  and  occurring 
as  the  colouring  matter  of  the  "  green- 
sand." 
Greensand.— The  lower   members    or 
group  of  the  chalk  system :  so  called 
from   many   of  the   beds   being  col- 
oured green  with   chlorite  or  green- 
earth. 
Greenstone. — A  prevalent  igneous  rock 

composed  of  felspar  and  hornblende. 
Greystonb. — A  variety  of  trachyte,  com- 
posed of  felsx)ar  and  augite ;  allied  to 
dolerite. 
Greywacke  (Ger.  grauwax^).—K  Ger- 
man term  originally  employed  to  des- 
ignate the  grey-coloured  argillo-arena-  . 
ceous  beds,  or  coarse  slaty  strate  of 
the  transition  rocks,  and  subsequently 
as  a  name  for  the  entire  transition 
series.    It  is  now  seldom  used  in  this 


sense :  but  is  still  employed  to  desig- 
nate the  hard,  gritty,  brecciated,  or 
breccio-conglomerate  beds  which  occur 
in  these  formations ;  and,  as  a  mere 
lithological  term  for  these  a^icient  grits 
and  breccias,  is  by  no  means  without 
ite  convenience. 

Grit. — ^Any  hard  sandstone  in  which  the 
grains  of  quartz  are  less  rounded  or 
"sharper  "  than  in  ordinary  sandstones 
is  technically  termed  a  grit — ^as  mill- 
stone-grit, grindstone-grit. 

GRYPHiBA,  Grvphitk  (Lat.  gryps,  a 
griffin). — A  beak-shaped  inequivalved 
shell  of  the  oyster  family,  and  abound- 
ing in  the  oolite  and  upper  second- 
aries.— See  figs.,  Oolitic  System. 

Gymnodonts  (Gr.  gymnos,  naked,  and 
odous,  tooth).— A  family  of  fishes  be- 
longing to  the  order  PUctognathi  (sol- 
dered jaws),  and  including  the  globe- 
fish,  trunk-fish,  &c.,  in  which  the  Jaws 
are  covered  with  a  substance  resem- 
bling ivory  arranged  in  small  plates, 
representing  united  teeth.  The  gymnO' 
drnits  appear  only  in  the  chalk  and  ter- 
tiary formations. 

Gymnosperms  (Gr.  gymnos,  naked,  and 
sperma,  seed). — ^Flowerin^  plante  with 
naked  seeds,  and  wood  m  concentric 
layers  like  the  pine  tribe.  Same  as 
Gymnogens. 

Gypsum. — Sulphate  of  lime,  plaster-of- 
Paris,  or  stucco-stone.  The  Greek 
word  gypsos  signifies  lime  in  genend; 
and  seems  to  be  derived  from  g^,  earth, 
and  epso,  1  boil,  in  allusion  to  the  heat 
given  off  when  burnt  lime  is  slaked 
with  water. 

Gyracanthus  (Gr.  gyros,  a  circle  or 
spire,  and  aJcantha,  a  spine). — ^Literally 
"  spiral  or  twisted  spine ;  '*  a  genus 
of  cestraciont  fin-spines  or  ichthyodor- 
ulites  occurring  in  the  carboniferous 
and  permian  formations,  often  from 
ten  to  eighteen  inches  in  length,  and 
so  termed  from  the  sculptured  ridges 
with  which  they  are  ornamented,  said 
which  run  in  a  spiral  or  twisted-like 
maimer  from  the  base  upwards.— See 

flg. 
Gyrogonites  (Gr.  gyros,  twisted,  and 
gonos,  seed). — The  spiral  seed-vessels 
of  plante  allied  to  the  chara,  and 
found  in  fr«sh- water  tertiaries,  such  as 
the  Paris  burrhstone. 


Habitat. — Applied  in  boteny  to  the 
country  or  district  in  which  a  plant 
grows  yrild. ;  the  tract  or  range  to  which 
it  seems  limited  by  external  conditions 
of  soil,  climate,  &c. 

H.£MATiTE  (Gr.  haima,  blood).  —  Bed 
oxide  of  iron  ;  an  abundant  ore  found 
in  veins  and  masses,  and  having  a  con- 


cretionary structure  and  often  fibrous 
texture. — Kidney  iron-ore. 

H AMITE  (Lat.  Juimiis,  a  hook). — A  genus 
of  hook-shaped  chambered  shells  pecu- 
liar to  the  chalk  and  greensand. — See  fig. 

Heavy-spar. — Sulphate  of  bar^[tA&\«!istisk 
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HiLioLi-m  (Gr.  heliM,  the  sun,  und 
Uth/nr,  stone).— An  extensive  genns  of 
Silurian  and  devonian  corals ;  so  called 
from  the  central-radiating  or  sun-like 
aspect  of  its  {wres  comjtared  with  those 
of  the  ojffraw  or  star-corals. — See  flg. 

HnPERORNis  (Gr.  hesper,  west,  omiSf 
birdX  —  A  toothed  bird  flpora  the 
cretaceous  beds  of  the  Western  States 
ofN.  America. — See  flg. 

HiPPoTHERiUM  (Or.  hippos,  horse,  and 
tkerion,  wild  beast). — A  mammal  of  the 
mio<*ene  tertiaries,  apparently  allied  to 
the  horse  family. 

HiPPURiTB  (Gr.  hivpoB,  a  horseX — A 
massive  horse-hoof-like  bivalve  of  the 
chalk,  having  a  deep  conical  under- 
valve,  with  a  flat  lid  or  upper  valve. — 
Bee  flg. ,  Cretaceous  System. 

HiPPURiTBS. — A  genus  of  coal-measure 
plants,  so  called  fh)m  their  resem- 
blance to  the  common  HippurU  vul- 
Sria  or  mare's-tail  of  our  marshes.  If 
ey  grew  in  the  same  relative  propor- 
tions as  the  existing  hippuris,  many  of 
the  fragments  found  would  indicate 
a  height  of  from  15  to  20  ft — See  flg., 
Carboniferous  System. 

HoLOPTvcuius  (Gr.  Kolos,  entire,  and 
ptycM,  wrinkle Jk — All-wrinkle  :  a  flsh 
of  the  devonian  and  carboniferous 
epochs,  so  called  from  the  wrinkle-like 
surface  of  its  scales. — See  fig.,  De- 
vonian System. 

Homology  (Gr.  homo»,  the  same,  and 
loffoa,  reasoning). — In  general  terms, 
the  idea  or  doctrine  of  the  answerable 
relation  of  parts  in  animal  structures  ; 
e.g.,  the  bones  of  the  human  arm  and 
hand  find  their  homologues  or  answer- 
able parts  in  the  wing  of  the  bird,  in 
the  fore-limb  of  the  quadruped,  and  in 
the  paddle  of  the  whale. 

Hornblende. — A  mineral  of  frequent 
occurrence  in  granitic  and  trappean 
rocks  ;  so  call^  from  its  horn-like 
cleavage  and  peculiar  lustre  (blenden, 
to  dazzle).  It  is  usually  of  a  olack  or 
dark-green  colour,  softer  than  quartz 
or  felspar,  but  heavier  than  either, 
and  emits  a  peculiar  bitter  odour 
when  breathed  on.  It  generally  occurs 
confusedly  crystalline,  forming  with 
quartz  "hornblende  rock,"  with  quartz 
and  felspar  "  syenite,"  and  with  fel- 
spar alone  the  numerous  varieties  of 
"greenstone," 

HoRNiTos  or  HoRNOs. — Literally  ovens ; 
a  Spanish  term  for  the  low  oven-shaped 
mounds  or  hillocks  so  frequent  in  the 
volcanic  districts  of  South  America, 
and  from  whose  sides  and  summits 
columns  of  hot  smoke  and  vapours  are 
usually  emitted, 

HoBNSTONE. — A  mixed  silicious  mineral 
and  rock  of  various  colouis,  Yiavvog  & 
dull  splintery  or  sub-conchoVdaV  ttac- 
twro,  and  very  mucli  ttie  aspect  ot  & 


tough  massive  flint  It  is  sometimes 
difllcnlt  to  distinguish  between  jasper, 
flint,  chert,  and  homstone,  thou^ 
the  latter  term  is  more  appropriat^y 
applied  to  all  compact  tough,  and 
massive  varieties  of  silicious  rock.  It 
consists  chiefly  of  silex  and  alumina, 
and  differs  from  the  felspars  in  con- 
taining no  soda  or  potash  ;  hence  its 
infusibility.  A  common  igneous  rock, 
consisting  of  homstone,  with  embedded 
crystals  of  quartz  or  felspar,  is  known 
as  homstone-porphyry. 
Hybodonts  (Gr.  hybos,  humx>ed,  and 
odous,  tooth). — A  family  of  fossil  shark- 
like fishes  with  peculiar  knob-like 
teeth. 

HVDRO-OARBONS,     HtDRO-CARBUKETS. — 

Composed  of  hydrogen  and  carbon :  a 
term  usually  applied  to  the  bitumens, 
mineral  resins,  and  mineral  tkts,  which 
are  chiefly  or  alt(^ther  composed  of 
hydrogen  and  carbon  in  varying  pro- 
portions ;  e.g.,  naphtha,  petroleum, 
asphalt,  amber,  ozokerite,  &c. 

Hyorothbrmal. — Of  or  pertaining  to 
hot  water ;  applied  to  the  action  of 
heated  waters  in  dissolving,  redeposit- 
ing,  and  otherwise  producing  mineral 
changes  within  the  crust  of  the  globe. 
As  these  watera  appear  at  aU  tempera- 
tures, we  can  readily  conceive  the 
importance  of  their  agency  in  the  pro- 
duction of  metamorphosis,  the  forma- 
tion of  mineral  veins,  and  other  analo- 
gous phenomena. 

Hyl-aosaurus  (Gr.  hyUty  a  wood,  weald, 
or  forest ;  and  saums,  a  lizard). — One 
of  the  dinosaurs  ;  a  ^gantic  terreslxial 
reptile,  whose  remams  were  first  dis- 
covered (1832)  by  Dr  ManteU  in  the 
wealden  strata  of  Tilgate  Forest ;  hence 
the  name. 

Hyscenocaris  (Gr.  hymen,  membrane, 
and  karis,  shrimp). — A  small  phyUopod 
or  shrimp-like  crustacean  of  the  Silu- 
rian epoch,  having  its  anterior  portion 
enclosed  in  a  thin  bivalvular  carapace, 
and  its  abdominal  or  terminad  segmente 
tree  and  capable  of  being  tamed  under 
the  body. 

Hypoqene  (Gr.  hypo,  nnder,  and  gino* 
maiy  1  am  formed). — A  term  employed 
by  Sir  Charles  Lyell  as  a  substitute  for 
primary,  merely  to  mark  the  formation 
or  transformation  of  these  strata  firom 
below,  without  involving  any  theory  as 
to  their  age. 

Hypozoic  (Gr.  hypo,  under,  and  20^,  life> 
— Applied  to  those  rocks  which,  like 
gneiss  and  mica-schist,  Ue  beneaui  the 
fossiliferous  strata,  and  which  have  yet 
yielded  no  organic  remains.     "  Axoic  " 

■  means  destitute  of  fossils ;  '*  hypo- 
zoic  "  simpbr  points  out  their  position, 
without  offenng  any  opinion  as  to 
\2cife\x  icA^^Ci^Qsn^^  Qc  non-fossiliferoos 
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IcsBERo  (Ger.  ci«,  ice,  and  herg,  moun- 
tain).— The  name  given  to  the  moun- 
tainous masses  of  ice  often  found  float- 
ing in  the  polar  seas.  Sometimes  they 
are  formed  by  the  accumulation  of  ice 
and  snow ;  at  other  times  they  seem  to 
have  been  originally  glaciers  launched 
from  precipitous  coasts  into  the  ocean, 
and  tiiere  further  augmented  by  num- 
bers of  them  freezing  en  masse.  Ice- 
bergs have  been  seen  m  the  Arctic  and 
Antarctic  oceans  several  miles  in  cir- 
cumference, rising  trova.  40  to  200  feet 
above  the  water,  and  loaded  with 
blocks  of  rock  and  masses  of  shingle. 
Some  idea  of  their  size  may  be  formed 
from  the  &ct  that  little  more  than  an 
eighth  of  their  bulk  rises  above  the 
surface.  As  they  are  floated  by  the 
polar  cun'ents  to  warmer  latitudes 
they  melt  away,  dropping  their  bur- 
dens of  boulder  and  rock  debris  on  the 
bottom  of  the  ocean. 

Ice-floe  (Dan.,  ice-island). — Applied  by 
voyagers  to  the  smaller  masses  of  ice 
that  encumber  the  polar  seas. 

ICHNiTES  (Gr.  ichnon,  a  footprint). — A 
term  applied  to  all  fossil  footprints, 
many  of  which  have  been  discovered  in 
secondary  formations  —  as  omiViidi- 
nites,  bird-footsteps;  sauraidichniteSf 
saurian  footsteps,  &c. — See  figs. 

ICHNOLOGY,      or     ICHNOLTTHOLOOY    (Gr. 

ichnon,  a  footprint ;  lifhos,  stone ;  and 
logos).  — The  science  of  fossil  foot- 
prints; e.g.,  the  'Ichnology  of  An- 
nandale,'  by  Sir  William  Jardine. 

IcHTHYODORULiTB  (Gr.  ichthys.  fish  ; 
cU/ru,  spear ;  and  Uthos,  ston^. — The 
fossil  fln-spines  or  defences  of  fishes, 
found  abundantly  in  all  the  fossilifer- 
ous  strata. — See  figs.,  CarboniferouB 
System. 

ICHTHYOLrrE(Gr.  ichthys,  fish,  and  Uthos, 
stone). — A  palseontological  term  for  a 
fossil  fish,  or  any  portion  of  a  fish,  as 
a  scale,  tooth,  spme,  &c.  The  most 
celebrated  deposits  of  fossil  fishes  in 
Europe  are  the  bituminous  schists  of 
the  lower  old  red  of  Orkney  and  Caith- 
ness ;  the  yellow-  sandstones  (upper 
old  red)  of  Dura  Den,  Tlfeshire ;  the 
lower  coal-measures  of  Burdiehouse, 
&c.,  near  Edinburgh;  the  coal  forma- 
iion  of  Saarbrtlck  in  Lorraine;  the 
permian  bituminous  slate  of  lif  ansfield 
in  Thuringia  ;  the  calcareous  lithogra- 
phic slate  of  Solenhofen  (oolitic) ;  the 
compact  blue  slaty  shale  of  Glaris  (cre- 
taceous) ;  and  the  tertiary  limestones 
of  Monte  Bolca,  near  Verona,  the  marl- 
stones  of  Oeningen  in  Switzerland,  and 
of  Aix  in  Provence. 

IcHTHYORNis  (Qt.  ichtkys,  fish ;  omis, 
bird). — ^A  bira  trom  the  cretaceous  beds 


of  North  America,  and  so  called  trom 
its  possessing  biconcave  vertebrro  like 
those  of  a  fish. 

Ichthyosaurus  (Gr.  ichihys,  a  fish,  and 
saurus,  lizard). — ^A  marine  reptile  of 
the  oolitic  epoch,  having  some  analo- 
gies to  fishes,  ^^ee  fig.  * 

loNEOus  (Lat  ignis,  fire). — ^Applied  to 
all  agencies,  operations,  or  results 
which  seem  connected  with  or  to  have 
arisen  from  subterranean  heat,  as  "ig- 
neous rocks,"  "  igneous  fusion,"  &c. 

louANODON  (iguana,  and  odous,  tooth). 
— A  colossal  lizaixl-like  reptile  found 
in  the  wealden  strata  ;  so-called  from 
the  resemblance  of  its  teeth  to  those 
of  the  existing  iguana. 

Indurated  (Lat  durus,  hard).  —  Re- 
stricted in  Geology  to  rocks  that  have 
been  hardened  by  the  action  of  h^t, 
and  in  this  sense  distinct  from  "hard" 
or  "compact." 

Infusoria. — Minute  animal  organisms 
or  animalcules  (fossil  and  recent) ;  so 
called  from  their  being  readily  ob- 
tained byinfasing  vegetable  matter  in 
water.  They  are  found  in  all  stagnant 
waters,  and  their  exuvisB  enter  largely 
into  the  composition  of  many  aqueous 
deposits. 

Inoceramus  (Gr.  is,  inos,  fibre,  and  keror 
mos,  shell). — A  genus  of  fossU  bivales 
belonging  to  the  aviculidcB  (wing- 
shells  or  pearl-oysters),  and  so  named 
from  the  fibrous  structure  of  their 
shells,  which  are  unequal-valved,  ven- 
tricose,  and  radiately  or  concentrically 
furrowed. 

In  srru  (Lat.),  literally  "  in  its  natural 
position  or  place." — A  rock  or  fossil  is 
said  to  be  in  situ,  when  it  is  found 
in  the  situation  or  place  in  which  it 
was  originally  formed  or  deposited. 

Intercalated,  Intercalation.  — Sub- 
ordinate beds  of  a  difl^erent  nature  oc- 
curring between  the  main  beds  of  a 
series  are  said  to  be  intercdlaied ;  the 
occurrence  of  such  beds  or  of  intervals 
of  deposition  are  said  to  be  interooto- 
tions. 

Interstratifed. — Applied  to  igneous 
rocks  which  occur  more  or  less  regu- 
larly interbedded  between  sedimentary 
strata. 

Intrusive. — Applied  to  igneous  rocks 
which  appear  to  have  thrust  them- 
selves in  sheet-like  masses  between 
sedimentary  strata.  The  interstraMfied 
only  alter  the  strata  beneath  them; 
the  intru^ve  affect  the  strata  both 
above  and  beneath,  whenever  they 
come  in  contact 

Invertebrata. — Animals  mthaw*.  -^vst- 
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Irish  Deer,  Irish  Elk.  — Remains  of 
the  Irish  gigantic  deer  {Cervns  mega- 
ceros,  or  deor  with  great  antlers)  are 
found  in  the  i>eat-b<^  marls,  gravels, 
and  other  sui>erflciai  deposits  of  Eu- 
ToiM ;  but  particularly  .in  the  shell- 
marls  and  peat-bogs  (the  sites  of  an- 
cient lakes)  in  Ireland :  hence  the 
name.  It  is  usually,  but  erroneously, 
termed  Elk — the  creature  being  a  true 
deer,*  though  far  exceeding  in  magni- 
tude any  living  species. 


Ironstonb. — The  usual  term  for  the  car- 
bonates of  iron  found  in  nodules  or 
#  thin  layers  in  the  shales  of  the  second- 
ary rocks.  They  are  all  more  or  less 
argillaceoas — hence  the  term  ''clay 
carbonate. "  "  Clay  ironstone  "  is  gene- 
rally used,  however,  to  distinguish  the 
clay  carbonates  from  the  "  black- 
iMmds,"  which  are  admixtures  of  coaly 
matter,  clay,  and  carbonate  of  iron, 
found  hi  the  Soottiah  coal-fields. 


Jade.  —A  hard,  tough,  silicious  rock,  of 
a  leek-green  colour,  smooth  surface, 
and  somewhat  soapy  feeL  It  is  sus- 
ceptible of  a  fine  polish,  as  may  be 
seen  in  the  New  Zea^jnd  axes,  hangers, 
idols,  &c.,  so  common  in  our  museums. 

Jasper.  —  A  somewhat  loosely  applied 

tenii   to   many  silicious  compounds. 

When  quartz  is  combined  with  a  certain 

'*l)ortion  c^  alumina  and  iron  it  loses  its 

translucency  and  becomes  jasper. 

JcT  (gagates,  from  Oaga,  a  nver  in  Asia 
Minor).— A  well-known  species  of  coal 
employed  in  the  fabrication  of  orna- 
ments. It  occurs  in  nodules  and 
lumps  in  secondary  strata  ;  is  electric 
when  rubbed ;  is  more  resinous  in 
lust^  than  the  finest  cannel-coal ;  and 
is  also  speciflcally  lighter. 

Joints. — The  fissures  or  rents  which  di- 


vide certain  strata  into  blocks  more  or 
less  re^ar  are  properly  so  termed. 
This  jomted  structure  seems  in  many 
cases  to  have  arisen  from  shrinkage  or 
contraction  of  the  deposit  while  in  the 
process  of  solidifying. 

JtmciTBS  (Lat  jwicus,  a  rush). — Fossil 
stems  and  leaves  apparently  related  to 
the  juncacecB  or  ruBh  family,  which  are 
chiefly  inhabitants  of  marshy  tracts 
in  the  temperate  and  colder  regions. 
Such  striated,  grooved,  and  tapering 
rush-like  fragments  of  leaves  occur 
from  the  devonian  formation  upwards, 
but  their  true  affinities  are  not  yet  de- 
termined. 

Jurassic.  —  A  synonym  of  the  oolitic 
system,  ftom  the  characteristic  occur- 
rence of  its  strata  in  the  Jura  Moun- 
tains. 


Kaims  or  Eames. — The  name  given  in 
Scotland  to  the  elongated  and  often 
flat-topped  moimds  of  post-glacial 
gravel  which  occur  scattered  over  the 
lower  ends  of  almost  all  the  great  val- 
leys of  that  country.  Known  as  eskirs 
or  escars  in  Ireland,  and  as  osars  in 
Sweden. 

Kampecaris  (Gr.  kampb,  a  grub  or  cat- 
erpillar, and  karis,  shrimp). — A  small 
13 -segmented  crustacean,  discovered 
by  the  Author  in  the  grey  flagstones 
(lower  old  red)  of  Forfarshire,  and  so 
named  from  its  appearance.  From  its 
imperfect  preservation  its  real  affini- 
ties cannot  be  well  ascertained ;  that 
is,  whether  it  be  a  small  phyllopod,  or 
the  larval  stage  of  some  larger  crus- 
tacean. 

Kaolin  (Chinese). — The  name  given  to 
the  finest  porcelain-clay,  arising  ftom 
the  decomposition  of  felspar  m  soft 
earthy  granites. 

Keil. — The  same  as  reddle  (roeihel)  or 
red  clay.  An  argillaceonA  peio^ie  ot 
iron,  of  a  fine  deep  r^,  and  \xaed  tot 

inarking. 


Keuper (Qer.)— Literally  "copper;"  an 
abbreviated  ;tenn  for  the  upper  mem- 
ber of  the  trias,  which  consists  in  Ger- 
many of  variegated  cnpriferous  marls 
and  marl-slates. 

KiLLAS. — A  Cornish  name  for  a  coarse 
argillaceous  schist,  in  which  many  of 
the  metalliferous  veins  of  that  district 
occur. 

Kim -COAL. — A  provincial  term  for  a 
highly  bituminous  shale  occurring  in 
the  oolitic  beds  at  Kimmeridge. 

Knorria  (after  Knorr).  —  A  genus  of 
coal-measure  plants,  embracing  those 
steins  the  leaves  of  which  were  draisely 
arranged  in  spiral  manner,  and  left 
projecting  instead  of  depressed  leaf- 
scars.  They  are  usually  ranked  as 
lycopods,  but  seem  intermediate  be- 
tween them  and  the  coniferse. — See  fig. 

KuNKUR.  — A  Hindostanee  term  for  an 
extensive  superficial  accumulation  of 
light-brown  or  reddish  concretioiiaiy 
earthy  day,  which  in  point  of  time 
seems  to  correspond  pretty  well  with 
\X«v  "^iwW   Qt  "\»vddier  day"  of 
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KuPFBR-scHiEFEn  (G  et. )— Literally  "  cop- 
per-slate ;"  a  dark,  bitaminons-looking 
schist  associated  with  the  zechstein  of 


Oennany,  and  extenslTely  worked  aa  a 
copper  ore. 


LABRADORrrs.  —  Galled  also  Labrador 
felspar,  ih>m  the  locality  where  first 
found :  a  species  of  soda-lime  felspar 
having  a  x>ecaliar  pearlv  and  iridescent 
play  of  colours  when  the  light  iklls  on 
it  in  certain  directions. 

LABYRDTrHODON  (Gr.  labyrifUhos.tiplBuDe 
fall  of  intricate  passages,  and  odous^ 
tooth).  —  A  name  given  by  Professor 
Owen  to  a  batrachian  reptile  of  the 
new  red  sandstone,  in  allusion  to  the 
labyrinthine  structure  exhibited  by 
sections  of  its  teeth. — See  fig. 

Lacustrine  (Lat.  lactUt  ^  lake). — Of  or 
belonging  to  a  lake,  as  lacustrine  de- 
posits. 

Lagoon  or  Laoune  (ItaL  laguna).~^ 
Generally  applied,  as  in  the  Adriatic, 
to  shallow  salt-water  lakes,  or  sheets 
of  water  cut  off"  Tor  nearly  so)  from  the 
sea  by  intervening  strips  of  beach  or 
river-deposit;  also  to  the  waters  en- 
closed by  circular  coral-reefis ;  as  well 
as  to  the  lake-like  sheets  that  fre- 

guently  occur  in  tidal  and  periodically- 
lundated  deltas. 

Laminated  (Lat.  lamina,  a  thin  plate). 
— Applied  to  strata  splitting  up  into 
thin  layers,  as  certain  flagstones  and 
tilestones. 

Landes  (Pr.)— Literally  "heaths  ;"  but 
applied  in  particular  by  French  writers 
to  those  extensive  areas  of  sand-drift 
which  streteh  southward  from  the 
mouth  of  the  Garonne  along  the  Bay 
of  Biscay,  and  inwards  towards  Bor- 
deaux— hence  often  spoken  of  as  the 
"  Landes  de  Bordeaux." 

Lapidify,  LAPmmoATioN  (Lat  lapis^ 
stone,  and  yio,  I  becomeX— -Conversion 
into  stone  ;  the  process  by  which  soft, 
loose,  or  incohering  substances  (or- 
ganic or  inorganic)  are  converted  into 
stony  matter. 

Lapilli  (Lat  lapiUtu,  a  little  stone).—- 
Appliedto  a  peculiar  variety  of  volcanic 
cinders,  or  slaggy  concretions. 

Laterite  (Lat  Mter,  a  brick). — Literally 
"brick-stone;"  a  peculiar  clayey  de- 
posit of  middle  tertiarv  age,  found  in 
India,  and  so  named  from  being  cut 
into  bricks  and  used  for  building. 
Some  portions  of  it,  however,  -pass  into 
a  compact  jaspideous  rock,  and  other 
portions  deteriorate  into  soft  ochrey 
or  gritty  clays. 

Lattrentian,  Laurentian  System.— 
The  term  employed  by  Sir  W.  Logan, 
of  the  Canadian  Geoli^cal  Survey,  to 
designate  the  highly  crystalline  and 
toBBimeToua  strata  which  belong  espo- 


dally  to  the  valley  of  the  St  Lawrence^ 
and  constitute  the  Laurentide  Moun- 
tains, the  eqmvalente  in  part  of  the 
'*  Metamorphic  "  strata  of  Europe. 

Lava. — The  general  term  for  all  rock- 
matter  which  flows  in  a  melted  state  . 
from  volcanoes. 

Lkpidodendron  (Gr.  lepis,  a  scale,  and 
dendron,  tree).— An  abundant  family 
of  fossil  plante,  so  called  from  thi 
scale-like  arrangement  of  their  leaf- 
scars.  They  are  especially  character- 
istic of  the  carboniferous  epoch. — See 

Lbpidoganoid  (Gr.  lepis,  lepidos^  a  scale, 
and  ganoSy  splendour)i— A  sub-order 
of  the  ganoid  fishes,  and  so  termed  in 
contradistinction  to  the  Placoganoids, 
because  their  external  skeleton  or  cov- 
ering consiste  of  scales,  whereas  that 
of  the  latter  consiste  mainly  of  large  ' 
and  often  reticulated  plaUa.  The  lepi- 
doganoids  are  more  especially  charac- 
teristic of  the  npper  palseozoic  strata, 
the  plac(^;anoids  of  the  lower  or  old 
red  sandstone. 

Lepidophyllum  (Gr.  Upis,  scale,  and 
phyUon,  leaf). — Small  lanceolate  leaves 
occurring  in  the  shales  of  the  coal- 
measures,  evidently  of  a  woody  rigid 
texture,  having  a  midrib,  and  triangu- 
lar at  the  base  or  point  of  attechment 
They  are  r^^arded  as  the  leaves  of 
Lepidodendron. — See  fig. 

Lepidostrobttb  (Gr.  lepu,  a  scale,  and 
strobilos,  a  flr-oone)b— Fossil  cone-like 
oiganisms  occurring  in  the  coal  forma- 
tion, and  evidently  the  firuit  or  seed- 
cones  of  coniferous,  lepidodendroid, 
and  other  trees  of  that  period. — See  fig. 

Lias. — This  term  is  said  to  be  a  corrup- 
tion of  lyers  or  layers,  and  was  origi- 
nally applied  to  those  thin -bedded 
limestones  occurring  at  the  base  of  the 
oolitic  system.  It  Is  now  extended  to 
the  group  or  system  lying  between  the 
oolite  and  trias. 

Lignite  (Lat  lignum,  wood).  — Wood- 
coal,  or  fossU  wood  converted  into  a 
kind  of  coaL    See  Brown-coal. 

LiTHOORAPHio  Slate  or  Stone.  —  Cer- 
tain magnesian  limestones  used  for  the 
purposes  of  lithography  ^Gr.  lithoa, 
stone,  and  grc^pho,  1  writeX  are  so 
termed.  ^ 

LiTHOLOOY,  LiTHOLOQICAIi  (Gr.  lithos,  a 
stone,  and  logos,  dootiineX — ^Applied 
to  the  mineral  characteristics  or  strat- 
igraphical  relaUon&  cit  vsOfcJW««v^>aa. 
coiitnM^^sxc^XoTi.V>  >3asJa  •9nl«»tvV*«n 
01  pa^aMTi\AVs|dkfia3L«0SRRiua- 
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Irish  Deer,  Irish  Elsl  —  Remains  of 
the  Irish  gigantic  deer  (Cervns  megci- 
ceros,  or  deer  with  great  antlers)  are 
found  in  the  peat-bogs,  marls,  gravels, 
and  other  superftciaJ  deposits  of  Eu- 
rope;  bat  particularly  in  the  shell- 
marls  and  peat-bogs  (the  sites  of  an- 
cient lakes)  in  Ireland :  hence  the 
name.  It  is  usually,  but  erroneously, 
termed  Elh — the  creature  being  a  true 
deer,*  thoiigh  far  exceeding  in  magni- 
tude any  living  species. 


Irovstonb.— The  osoal  term  for  the  car- 
bonates of  iron  found  in  nodules  or 
#  thin  layers  in  the  shales  of  the  second- 
ary rocks.  They  are  all  more  or  less 
argillaceous — whence  the  term  *'clay 
carbonate. "  "  Clay  ironstone  "  is  gene- 
rally used,  however,  to  distinguish  the 
clay  carbonates  firom  the  **  black- 
bands,"  which  are  admixtures  of  coaly 
matter,  clay,  and  carbonate  of  iron, 
found  hi  the  Soottiah  coal-fields. 


Jade. — A  hard,  tough,  silicious  rock,  of 
a  leek-green  colour,  smooth  surfa^, 
and  somewhat  soapy  fceL  It  is  sus- 
ceptible of  a  fine  polish,  as  may  be 
seen  in  the  New  Zeali^d  axes,  hangers, 
idols,  &c.,  so  common  in  our  museums. 

Jasper.  —  A  somewhat  loosely  applied 

tenn   to   many  silicious  compounds. 

When  quartz  is  combined  with  a  certain 

^bortion  c^  alumina  and  iron  it  loses  its 

translucency  and  becomes  jasper. 

JcT  (gagates,  from  Gaga,  a  river  in  Asia 
MinorX— A  well-known  species  of  coal 
employed  in  the  fabrication  of  orna- 
ments. It  occurs  in  nodules  and 
lumps  in  secondary  strata  ;  is  electric 
when  rubbed ;  is  more  resinous  in 
lust^  than  the  finest  cannel-coal ;  and 
is  also  specifically  lighter. 

Joints. — The  fissures  or  rents  which  di- 


vide certain  strata  into  blocks  more  or 
less  regular  are  properly  so  termed. 
This  jointed  structure  seems  in  many 
cases  to  have  arisen  from  shrinkage  or 
contraction  of  the  deposit  while  in  the 
process  of  solidifying. 

JtmciTBS  (Lat  jrnicus,  a  rush). — Fossil 
stems  and  leaves  apparently  related  to 
the  juncacecB  or  rush  family,  which  are 
chiefly  inhabitants  of  marshy  tracts 
in  the  temperate  and  colder  regions. 
Such  striated,  grooved,  and  tapering 
rush-like  fragments  of  leaves  occur 
from  the  devonian  formation  upwards, 
but  their  true  affinities  are  not  yet  de- 
termined. 

Jurassic.  —  A  synonym  of  the  oolitic 
system,  ftom  the  characteristic  occur- 
rence of  its  strata  in  the  Jura  Moun- 
tains. 


Kaims  or  Eames.— The  name  given  in 
Scotland  to  the  elongated  and  often 
flat-topped  mounds  of  post-glacial 
gravel  which  occur  scattered  over  the 
lower  ends  of  almost  all  the  great  val- 
leys of  that  country.  Known  as  eskirs 
or  escars  in  Ireland,  and  as  osars  in 
Sweden. 

Kampecaris  (Gr.  kampi,  a  grub  or  cat- 
erpillar, and  kariSy  shrimp)^ — A  small 
13-s^mented  crustacean,  discovered 
by  the  Author  in  the  grey  flagstones 
(lower  old  red)  of  Forfarshire,  and  so 
named  from  its  appearance.  From  its 
imperfect  preservation  its  real  affini- 
ties cannot  be  well  ascertained ;  that 
is,  whether  it  be  a  small  phyllopod,  or 
the  larval  stage  of  some  larger  crus- 
tacean. 

Kaolin  (Chinese).— The  name  given  to 
the  finest  porcelain-clay,  arising  from 
the  decomposition  of  felspar  in  soft 
earthy  granites. 

Keil. — The  same  as  reddle  (rceihet)  or 
red  clay.  An  argillaceous  peroxide  of 
iron,  of  a  fine  deep  red,  and  Tased  tot 

markup. 


Keuper (Ger.)— Literally  "copper;"  an 
abbreviated  ;term  for  the  upper  mem- 
ber of  the  trias,  which  consists  in  Ger- 
many of  variegated  cupriferous  marls 
and  marl-slates. 

KiLLAS. — ^A  Cornish  name  for  a  coarse 
argillaceous  schist,  in  which  many  of 
the  metalliferous  veins  of  that  district 
occur. 

Kim -COAL. — A  provincial  term  for  a 
highly  bituminous  shale  occurring  in 
the  oolitic  beds  at  Kimmeridge. 

Knorria  (after  Knorr).  — A  genus  of 
coal-measure  plants,  embracing  those 
steins  the  leaves  of  which  were  densely 
arranged  in  spiral  manner,  and  left 
projecting  instead  of  depressed  lea^ 
scars.  They  are  usually  ranked  as 
lycopods,  but  seem  intearmediate  be- 
tween them  uid  the  coniferee. — See  fig. 

KuNKUR.  — A  Hindostanee  term  for  an 
extensive  superficial  accumulation  of 
light-brown  or  reddish  concretiomay 
earthy  day,  which  in  point  of  time 
seems  to  correspond  pretty  well  with 
^ftifc  "ftaMR."   OT   "boulder  clay"  of 
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KuPFER-scHiEFEB  (G  cr. )— Literally  "  cop- 
per-slate ;"  a  dark,  bitmninous-looking 
schist  associated  with  the  zechstein  of 


Germany,  and  eztensiTely  worked  as  a 
copper  ore. 


LABRADORrTE.  —  Galled  also  Labrador 
felspar,  ih>m  the  locality  where  first 
found :  a  species  of  soda-Mine  felspar 
having  a  x>eculiar  pearlv  and  iridescent 
play  of  colours  when  the  light  IkUs  on 
it  in  certain  directions. 

Labyrinthodon  (Gr.  ZabyriratTios,  a  place 
ftill  of  intricate  passages,  and  odotis^ 
tooth).  —  A  name  given  by  Professor 
Owen  to  a  batrachlan  reptile  of  the 
new  red  sandstone,  in  allusion  to  the 
labyrinthine  structure  exhibited  by 
sections  of  its  teeth. — See  fig. 

Lacustrine  (Lat.  locus,  a  lake). — Of  or 
belonging  to  a  lake,  as  lacustrine  de- 
posits. 

Lagoon  or  Laoune  (ItaL  lagntna).— 
Generally  applied,  as  in  the  Adriatic, 
to  shallow  salt-water  lakes,  or  sheets 
of  water  cut  off  (or  nearly  so)  from  the 
sea  by  intervening  strips  of  beach  or 
river-dex)osit ;  also  to  the  waters  en- 
closed by  circular  coral-reefs  ;  as  well 
as  to  the  lake-like  sheets  that  fire- 
^uently  occur  in  tidal  and  periodically- 
inundated  deltas. 

Laminated  (Lat.  lamina,  a  thin  plate). 
—Applied  to  strata  splitting  up  into 
thin  layers,  as  certain  flagstones  and 
tilestones. 

Laitdes  (R*.)— Literally  "heaths  ;"  but 
applied  in  particular  by  French  writers 
to  those  extensive  areas  of  sand-drift 
which  stretch  southward  from  the 
mouth  of  the  Garonne  along  the  Bay 
of  Biscay,  and  inwards  towards  Bor- 
deaux— whence  often  sx)oken  of  as  the 
"  Landes  de  Bordeaux." 

Lapidify,  LAPmmcATioK  (Lat  lapis, 
stone,  and  yio,  I  become). —Conversion 
into  stone  ;  tlie  process  by  which  soft, 
loose,  ur  incohering  substances  (or- 
ganic or  inorganic)  are  converted  into 
stony  matter. 

Lapilli  (Lat  lapiUtts,  a  little  stoned- 
Applied  to  a  peculiarvariety  of  volcanic 
cinders,  or  slaggy  concretions. 

Laterite  (Lat  later,  a  brick). — ^Literally 
"brick-stone;"  a  peculiar  clayey  de- 
posit of  middle  tertiary  age,  found  in 
India,  and  so  named  frx)m  being  cut 
into  bricks  and  used  for  building. 
Some  portions  of  it,  however,  pass  into 
a  compact  jaspideous  rock,  and  other 
portions  deteriorate  into  soft  ochrey 
or  gritty  clays. 

Laurentiak,  Laurentian  System.— 
The  term  employed  by  Sir  W.  Logan, 
of  the  Canadian  Geological  Survey,  to 
designate  the  highly  crystalline  and 
fossuiferous  strata  which  belong  espo- 


dally  to  the  valley  of  the  St  Lawrence^ 
and  constitute  the  Laurentide  Moun- 
tains, the  ec^uivalents  in  part  of  the 
"  Metamorphic  "  strata  of  Europe. 

Lava. — The  general  term  for  all  rock- 
matter  which  flows  in  a  melted  state  . 
from  volcanoes. 

Lbpidodendron  (Gr.  lepis,  a  scale,  and 
dendron,  tree).— An  abundant  fiunily 
of  fossil  plants,  so  called  frx>m  thi 
scale-like  arrangement  of  their  leaf- 
scars.  They  are  especially  character- 
istic of  the  carboniferous  epoch. — See 

fig. 

Lepidoganoid  (Gr.  l&pis,  lepidos,  a  scale, 
and  gaiwa,  splendour^— A  sub-order 
of  the  ^moid  fishes,  and  so  termed  in 
contradistinction  to  the  Placogamoids, 
because  their  external  skeleton  or  cov- 
ering consists  of  scales,  whereas  that 
of  the  latter  consists  mainly  of  laige  ' 
and  often  reticulated  plates.  The  lepi- 
do^anoids  are  more  esx>eciaUy  charac- 
teristic of  the  npx>er  palsBOZoic  strata, 
the  placoganoids  of  the  lower  or  old 
red  sandstone. 

Lepidophylluk  (Gr.  lepis,  scale,  and 
phyUon,  leaQ. — Small  lanceolate  leaves 
occurring  in  the  shales  of  the  coal- 
measures,  evidently  of  a  woody  rigid 
texture,  having  a  midrib,  and  triangu- 
lar at  the  base  or  point  of  attachment 
They  are  r^^arded  as  the  leaves  of 
Lepidodend/ron. — See  fig. 

Lepidostrobus  (Gr.  lepM,  a  scale,  and 
strobHos,  a  fir-cone)b— Fossil  cone-like 
organisms  occurring  in  the  coal  forma- 
tion, and  evidently  the  firuit  or  seed- 
cones  of  coniferous,  lepidodendroid, 
and  other  trees  of  that  period.  — See  fig. 

Lias. — This  term  is  said  to  be  a  corrup- 
tion of  lyers  or  layers,  and  was  origi- 
nally applied  to  those  thin -bedded 
limestones  occurring  at  the  base  of  the 
oolitic  system.  It  is  now  extended  to 
the  group  or  system  lying  between  the 
oolite  and  trias. 

Lignite  (Lat  lignum,  wood).  —Wood- 
coal,  or  fossU  wood  converted  into  a 
kind  of  coaL    See  Brown-coaL 

LrrHOORAPHio  Slate  or  Stone.  —  Cer- 
tain magnesian  limestones  used  for  the 
purposes  of  lithography  ^Gr.  lithos, 
stone,  and  grapho,  I  writeX  are  so 
termed.  — 

Litholooy,  Litholooical  (Gr.  lithos,  a 
stone,  and  logos,  doctrine^.— Applied 
to  the  mineral  characteristics  or  strat- 
igraphical  relations  of  rock-«n»:^<<^>Ns^ 
contt&idd&\\xxc^XoTi  \o  \Ja!^  •jjoLoaQrR.wft^ 
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Irish  Deer,  Irish  Elk.  —  Remains  of 
the  Irish  gigantic  deer  (Cervus  mega- 
ceros,  or  deer  with  great  antlers)  are 
found  in  the  peat-bogs,  marls,  gravels, 
and  other  superficial  deposits  of  Eu- 
rope ;  but  particularly  ^in  the  shell- 
marls  and  peat-bogs  (the  sites  of  an- 
cient Lakes)  in  Ireland:  hence  the 
name.  It  is  usually,  but  erroneously, 
termed  Elk — the  creature  being  a  true 
deer,*  though  far  exceeding  in  magni- 
tode  any  living  species. 


lROVSTONE.~The  usual  term  for  the  car- 
bonates of  iron  found  in  nodule  or 
#  thin  layers  in  the  shales  of  the  second- 
ary rocks.  They  are  all  more  or  less 
argillaoeoas — Whence  the  term  "clay 
carbonate. "  * '  Clay  ironstone  "  is  gene- 
rally used,  however,  to  distinguish  the 
clay  carbonates  from  the  **  black- 
bands,"  which  are  admixtures  of  coaly 
matter,  clay,  and  carbonate  of  iron, 
found  m  the  ScottlBh  coal-fields. 


Jade.— A  hard,  tough,  sillcious  rock,  of 
a  leek-green  colour,  smooth  surface, 
and  somewhat  soapy  fceL  It  is  sus- 
ceptible of  a  fine  polish,  as  may  be 
seen  in  the  New  ZeaUyad  axes,  hangers, 
idols,  &c.,  so  common  in  our  museums. 

Jasper.  —  A  somewhat  loosely  applied 

tenn   to   many  sillcious  compounds. 

When  quartz  is  combined  with  a  certain 

'*t>ortion  c^  alumina  and  iron  it  loses  its 

translucency  and  becomes  jasper. 

JcT  (gagates,  from  Oaga,  a  nver  in  Asia 
Minor).— A  well-known  species  of  coal 
emjjloyed  in  the  fabrication  of  orna- 
ments. It  occurs  in  nodules  and 
lumps  in  secondary  strata  ;  is  electric 
when  rubbed ;  is  more  resinous  in 
lust^  than  the  finest  cannel-coal ;  and 
is  also  specifically  lighter. 

Joints. — The  fissures  or  rents  which  di- 


vide certain  strata  into  blocks  more  or 
less  re^ar  are  properly  so  termed. 
This  jomted  structure  seems  in  many 
cases  to  have  arisen  from  shrinkage  or 
contraction  of  the  deposit  while  in  the 
process  of  solidifying. 

JuNciTBS  (Lat  juncus,  a  rash). — Fossil 
stems  and  leaves  apparently  related  to 
the  juncacecR  or  rush  family,  which  are 
chiefly  inhabitants  of  marshy  tracts 
in  the  temperate  and  colder  r^ons. 
Such  striated,  grooved,  and  tapering 
rush-like  fragments  of  leaves  occur 
from  the  devonian  formation  npwards, 
but  their  true  aifinities  are  not  yet  de- 
termined. 

Jurassic.  —  A  synonym  of  the  oolitic 
system,  fh)m  the  characteristic  occur- 
rence of  its  strata  in  the  Jura  Moun- 
tains. 


Kaims  or  Eames.— The  name  given  in 
Scotland  to  the  elongated  and  often 
flat-topped  moimds  of  post-glacial 
gravel  which  occur  scattered  over  the 
lower  ends  of  almost  all  the  great  val- 
leys of  that  coxmtry.  Known  as  eskirs 
or  escars  in  Ireland,  and  as  6s(ws  in 
Sweden. 

Kampecaris  (Gr.  kamph,  a  grub  or  cat- 
erpillar, and  karis,  shrimp). — A  small 
x3-s^mented  crustacean,  discovered 
by  the  Author  in  the  grey  flagstones 
(lower  old  red)  of  Forfershire,  and  so 
named  from  its  appearance.  From  its 
imperfect  preservation  its  real  affini- 
ties cannot  be  well  ascertained ;  that 
is,  whether  it  be  a  small  phyllopod,  or 
the  larval  stage  of  some  larger  crus- 
tacean. 

Kaolin  (Chinese).— The  name  given  to 

the  finest  porcelain-clay,  arising  from 

the  decomposition  of  felspar  in  soft 

earthy  granites. 

Keil. — The  same  as  leddle  (roetlielj  or 

red  clay.    An  argiUaceovia  peio^ae  ot 

iron,  of  a  fine  deep  xed,  and  \xaeA.  tox 

marking. 


Ketjper  (Qer.)— Literally  "copi>er  ;*'  an 
abbreviated  ;term  for  the  upper  mem- 
ber of  the  trias,  which  consists  in  Ger- 
many of  variegated  cupriferous  marls 
and  marl-slates. 

KiLLAS. — ^A  Cornish  name  for  a  coarse 
argillaceous  schist,  in  which  many  of 
the  metalliferous  veins  of  that  district 
occur. 

Kim -COAL. — A  provincial  term  for  a 
highly  bituminous  shale  occurring  in 
the  oolitic  beds  at  Kimmeridge. 

Knorria  (after  Knorr).  —  A  genus  of 
coal-measure  plants,  embracing  those 
stems  the  leaves  of  which  were  densely 
arranged  in  spiral  maimer,  and  left 
projecting  instead  of  depressed  leaf- 
scars.  They  are  usually  ranked  as 
lycopods,  but  seem  intermediate  be- 
tween them  uid  the  coniferee. — See  fig. 

KuNKUR.  — A  Htndostanee  term  for  an 
extensive  superficial  accumulation  of 
light-brown  or  reddish  concretioiiaiy 
eaxthy  day,  which  in  point  of  taine 
«»r;t&&\a  c<svx««^nd  pretty  well  witii 
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KuPFBR-scHiEFEn  (G  er. )— Literally  "  cop- 
per-slate ;"  a  dark,  bitaminons-looking 
schist  associated  with  the  zechstein  of 


Oennany,  and  extenslTely  worked  as  a 
copper  ore. 


LABRADORrrs.  —  Called  also  Labrador 
felspar,  from  the  locality  where  first 
found :  a  species  of  soda-Ume  felspar 
having  a  x>eculiar  pearlv  and  iridescent 
play  of  colours  when  the  light  IkUs  on 
it  in  certain  directions. 

Labtrdtthodon  (Gr.  Idbyrinthos,  a  place 
ftill  of  intricate  passages,  and  odouSf 
tooth).  —  A  name  given  by  Professor 
Owen  to  a  batrachian  reptile  of  the 
new  red  sandstone,  in  allusion  to  the 
labyrinthine  structure  exhibited  by 
sections  of  its  teeth. — See  fig. 

Lacustrine  (Lat  lactUt  &  lake). — Of  or 
belonging  to  a  lake,  as  lacustrine  de- 
posits. 

Laooon  or  Laoune  (ItaL  lagv,nd).~' 
Generally  applied,  as  in  the  Adriatic, 
to  shaUow  salt-water  lakes,  or  sheets 
of  water  cut  off  (or  nearly  so)  from  the 
sea  by  intervening  strips  of  beach  or 
river-deposit;  also  to  the  waters  en- 
closed by  circul&r  coral-reefe  ;  as  well 
as  to  the  lake-like  sheets  that  fre- 

guently  occur  in  tidal  and  periodically- 
lundated  deltas. 

Laminated  (Lat.  lamina,  a  thin  plate). 
— Applied  to  strata  splitting  up  into 
thin  layers,  as  certain  flagstones  and 
tilestones. 

Landes  (R*.)— Literally  "heaths  ;"  but 
applied  in  particular  by  French  writers 
to  those  extensive  areas  of  sand-drift 
which  stretch  southward  from  the 
mouth  of  the  Garonne  along  the  Bay 
of  Biscay,  and  inwards  towards  Bor- 
deaux— Whence  often  si>oken  of  as  the 
"  Landes  de  Bordeaux." 

Lapidify,  LAPmmoATioN  (Lai  Zap{«, 
stone,  andyio,  I  become).— (inversion 
into  stone  ;  liie  process  by  which  soft, 
loose,  or  incohering  substances  (or- 
ganic or  inorganic)  are  converted  into 
stony  matter. 

Lapilli  (Lat  laplUtu,  a  little  stone).— 
Applied  to  a  peculiar  variety  of  volcanic 
cinders,  or  slaggy  concretions. 

Laterite  (Lat  toter,  a  brick). — Literally 
"brick-stone  ;"  a  peculiar  clayey  de- 
posit of  middle  tertiary  age,  found  in 
India,  and  so  named  from  being  cut 
into  bricks  and  used  for  building. 
Some  portions  of  it,  however,  x>ass  into 
a  compact  jaspideous  rock,  and  other 
X>ortions  deteriorate  into  soft  ochrey 
or  gritty  clays. 

Laurentian,  Laurentian  System.— 
The  term  employed  by  Sir  W.  Logan, 
of  the  Canadian  Geological  Survey,  to 
designate  the  highly  crystalline  and 
foBsUiferoua  stnta  which  belong  espo* 


dally  to  the  valley  of  the  St  Lawrence, 
and  constitute  the  Laurentide  Moun- 
tains, the  eqmvidents  in  part  of  the 
**  Metamorpmc  "  strata  of  Europe. 

Lava. — The  general  term  for  all  rock- 
matter  which  flows  in  a  melted  state  . 
from  volcanoes. 

Lkpidodendron  (Gr.  lepis,  a  scale,  and 
dendron,  tree).— An  abundant  family 
of  fossil  plants,  so  called  from  thi 
scale-like  arrangement  of  their  leaf- 
scars.  They  are  especially  character- 
istic of  the  carboniferous  epoch. — See 

Lepidoganoid  (Gr.  l&pis,  lepidoSf  a  scale, 
and  garioSf  splendour^— A  sub-order 
of  the  ganoid  fishes,  and  so  termed  in 
contiamstinction  to  the  Placoganoids, 
because  their  external  skeleton  or  cov- 
ering consists  of  scales,  whereas  that 
of  the  latter  consists  mainly  of  large 
and  often  reticulated  plates.  The  lepi- 
doganoids  are  more  especially  charac- 
teristic of  the  upper  palseozoic  strata, 
the  placoganoids  of  the  lower  or  old 
red  sandstone. 

Lepidophyllxtm  (Gr.  Upis,  scale,  and 
phyUon,  leaf).— Small  lanceolate  leaves 
occurring  in  the  shales  of  the  coal- 
measures,  evidently  of  a  woody  rigid 
texture,  having  a  midrib,  and  triangu- 
lar at  the  base  or  point  of  attachment 
They  are  r^^arded  as  the  leaves  of 
Lepidodendron. — See  fig. 

Lepidobtrobttb  (Gr.  lepM,  a  scale,  and 
strobilos,  a  flr-oone)b— Fossil  cone-like 
oiganisms  occurring  in  the  coal  forma- 
tion, and  evidently  the  firuit  or  seed- 
cones  of  coniferous,  lepidodendroid, 
and  other  trees  of  that  period.  — See  fig. 

Lias.— This  term  is  said  to  be  a  corrup- 
tion of  lyers  or  layers,  and  was  origi- 
nally applied  to  those  thin -bedded 
limestones  occurring  at  the  base  of  the 
oolitic  system.  It  Is  now  extended  to 
the  group  or  system  lying  between  the 
oolite  and  trias. 

LiONrns  (Lat  lignum,  wood).  —Wood- 
coal,  or  fossil  wood  converted  into  a 
kind  of  coaL    See  Brown-coal. 

LrrHOORAPHio  Slate  or  Stone.  —  Cer- 
tain magnesian  limestones  used  for  the 
purposes  of  lithography  ^Gr.  litho8, 
stone,  and  grc^pho,  1  writeX  are  so 
termed.  ^ 

LrTHOLOQY,  LiTHOLOQICAIi  (Gr.  lithos,  a 
stone,  and  logoSt  dootrineX— Applied 
to  the  mineral  characteristlc&cit.  itai^ 
igrapbical  x«\ait.VciQ&  ell  v)ff:Ss.-' 

ox  p«2LaMuVAo|^&iiil«B'S^'=i^^ 
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mother-stone,    gangve^    vtin-tUmef  or 
ort-9toHe  of  the  raetaL 

OftmTHicuNiTBB  (Gr.  omis,  omithas,  a 
bird,  and  icJiHon,  a  footprint).  —  The 
footprints  of  birds,  found  chiefly  on 
■labs  of  the  trias,  and  supposed  to  be- 
long to  cursorial  or  grallatorial  genera. 

Orkitholites  (Or.  ornU,  bird,  and /iffto«, 
stone).— Tlie  general  terra  for  the  re- 
mains of  birds  occurring  in  a  fossil 
state. 

Orooraphy,  Oroloot  (Qt.  oros,  a  moun- 
tain). —The  science  which  describes  or 
treats  of  the  mountains  and  mountain- 
systems  of  the  globe — that  is,  of  the 
profiles  or  elevations  of  the  earth's 
sor&ee. 

Orthm  (Qt.  ortlios,  straightX — A  genus 
of  fossil  bivalves,  known  only  in  palae- 
ozoic strata.  They  are  characterised 
— shell  transversely  oblong,  radiatelv 
striated,  valves  slightly  convex,  beak 
inconspicuous,  hinge  -  line  narrower 
than  tne  shell,  rarely  foraminated. — 
See  fig. 

Orthoceras.  Orthoceratitb  (Gr.  or- 
thos,  straight,  and  keras,  horn). — A 
genus  of  straight,  horn-shaped,  cham- 
bered shells,  occurring  in  several  sys- 
stems. 

Orthoclase  (Gr.  orthos,  straight,  and 
klaMs,  tnctwre). — A  mineralogical  term 
for  potash  felspar,  because  of  its 
straight,  flat  cleavage. 

Oryctolooy  (Gr.  oryktos,  dug  up,  and 
loffos,  doctrine).— The  science  of  fos- 
sils ;  synonymous  with  Palseontology, 
but  seldom  used. 

Os,  OsAR.— A  Swedish  term  for  those 
elongated  hillocks  or  mounds  of  gravel 
belonging  to  the  drift  or  glacial  period, 
and  wnich  are  abundantly  and  charac- 
teristically scattered  over  Sweden  and 
the  islands  of  the  Baltic.  Same  as  the 
kaims  of  Scotland,  and  the  eskirs  of 
Ireland. 

OsFTE  (Lat.  08,  a  bone).— A  term  pro- 
)osed  by  Dr  Leidy  of  Philadelphia  for 
the  Sombrero  guano,  which  appears  to 
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be  a  mass  of  altered  bones  of  turtles 
and  other  marine  animals,  which  had 
originally  been  collected  on  a  shoal, 
and  subsequently  elevated  into  the 
existing  islet  of  Sombrero,  West  Indies. 

Osseous  Breccia  (Lat  os,  a  boneX — 
Bones  and  firagments  of  bones  cemented 
together  by  calcareous  or  other  matter, 
and  found  in  caverns  and  Assures,  are 
so  termed.    See  Breccia. 

Ossiferous  (Lat.  os,  a  bone,  and  fero,  I 
yield).— Containing  or  jrielding  bones, 
as  many  of  the  post-tertiary  sands, 
gravels,  and  caverns. 

Osteolepis  (Gr.  osteon,  a  bone,  and  lepis, 
scale). — Literally  "bony  scale;  a 
genus  of  ganoid  fishes,  x>eculiar  to  the 
old  red  sandstone,  and  so  named  from 
the  enamelled  bony  character  of  its 
scales.  There  are  three  or  four  species 
catalogued  by  paleontologists  ;  but  in 
all,  the  rhomboidal  bony  scales,  the 
enamelled  osseous  plates  of  the  head, 
and  the  thickly-set  bony  rays  of  the  fins, 
are  the  distmguishing  characteristics. 
— See  flg..  Old  Red  Saiidstone. 

Outcrop.— The  edge  of  any  inclined  stra- 
tum when  it  comes  to  the  surfoce  of 
the  ground  is  called  its  outcrop^  crop, 
basset,  or  basset-edge. 

Outliers.  —  Portions  of  any  stratified 
group  which  lie  detached  from  the 
main  body ;  in  general  the  result  of 
denudation. 

Overlap. — A  term  frequently  made  use 
of  by  field-geologists,  and  employed 
to  express  that  greater  extension  or 
spread  of  any  set  of  superior  strata 
by  which  they  overlap  or  conceal  the 
edges  of  those  on  which  they  rest 
"While  unconformability,"  says  Mr 
Jukes,  "proves  an  elevation  and  de- 
nudation, and  an  absence  of  continu- 
ous deposition,  overlap  may  take  place 
in  a  i)erfectly  continuous  series,  mere- 
ly proving  the  fact  of  a  depression  of 
the  area  contemporaneously  with  that 
of  the  deposition  of  the  overlapping 
strata." 


Fachydermata  (Gr.  pachys,  thick,  and 
derma,  skin).  —  Thick-skinned  mam- 
malia, as  the  elephant  and  rhinoceros 
among  living  species  ;  and  the  masto- 
don, palseotherium,  &c.,  among  ex- 
tinct tertiary  races. 

PalvGONiscus. — A  well-known  genus  of 
ganoid  fishes  occurring  in  tbe  carbon- 
iferous and  permian  formations.    The 


species,  which  are  numerous,  are  cha 

racterised   by   their    moderate    size, 

eiegant  heterocercal  forma,  hi^Yil^-eBL- 

amelled  rhomboidal  scales,  -wYAcYi  Vn 

some  species  are  creimlated  or  aerraAfi^ 

on  the  posterior  marglnB,  tafhet  sm&W 


numerously-rayed  fins  supported  by 
strong  triangular  fulcral  scales,  and 
jaws  Aimished  with  thickly-implanted 
brush-teeth. — See  fig. 
PALiBOKTOLOOY  (Gr.  volaios,  ancient; 
07tto,  beings;  and  logos,  doctrine). — 
The  science  of  fossil  remains  ;  the  bo- 
tany and  zoology  of  the  forms  found 
fossil  in  the  crust  of  the  earth.  It  has 
been  proposed  to  subdivide  the  science 
into  Palffiophytology,  or  fossil  botany, 
«qA.  "5«JafcQnoQ>\o^,  or  fossil  zoology ; 
"VsivsX  \jRBaft  '<fcTsa&  «sfc  tsx^  ^sssa^    See 
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and  therion,  animal). — ^A  pachyderma- 
tous mammal  of  the  eocene  tertiaries, 
somewhat  akin  to  the  existing  tapir. — 
See  fig. 

PALiEOzoio  ^r.  pcUaios,  ancient,  and 
zot,  life). — The  lowest  division  of  strati- 
fied groups  as  holding  the  most  ancient 
forms  of  life,  in  contradistinction  to 
the  mesozoic  and  cainozoic. 

Palaoonite  (from  Palagonia  in  SicUy). 
—A  peculiar  rock-product  occurring 
in  connection  with  modem  volcanoes. 
The  palagonite-tufa  of  Iceland  is  com- 
posed of  silica,  alumina,  and  lime,  with 
iron,  magnesia,  potash,  and  soda,  and 
is  partially  soluble  by  the  hot  water  of 
the  Geysers. 

Palmacites  (Lat  podma,  the  palm-tree^. 
— The  general  term  for  any  fossil 
stem,  leaf,  fruit,  or  other  organism, 
which  presents  some  analogy  or  re- 
semblance to  one  or  other  of  the  exist- 
ing palms. 

Paper  -  coal  ((Jer.  papier  -  kohle).  —  A 
name  given  to  certain  layers  of  the  ter- 
tiary lignites  from  their  papery  or  leaf- 
like composition.  They  are  evidently 
masses  of  compressed  leaves.  When 
taken  fresh  from  the  beds,  the  venation 
and  reticulations  of  many  of  the  leaves 
are  quite  apparent. 

Pkcopteris  (Gr.  peko,  I  comb,  andptem, 
fern).  — Comb-fem.  An-  extensive  genus 
of  fossil  ferns  occurring  abundantly  in 
the  coal-measures,  less  numerously  in 
the  new  red  sandstone  and  oolite,  and 
sparingly  in  cretaceous  and  lower  ter- 
tiary strata.  It  derives  its  name  from 
the  regular  comb-like  arrangement  of 
its  leaBets;  and  is  characterised  by 
the  leaves  being  once,  twice,  or  thrice 
pinnate,  and  by  the  leafiets  having  a 
perfect  midrib,  fipom  which  forked 
veins  proceed  more  or  less  at  right 
angles  with  it— See  fig..  Coal  Forma- 
tion. 

Pegmatite  (Gr.  pegma,  compacted  or 
congealed). — A  binary  granite  compos- 
ed of  quartz  and  felspar— the  felspar 
crystals  lying  in  the  quartz  as  in  a 
matrix. 

Pelagic  (Gr.  pelagos,  the  deep  sea).— 
Formed  or  deposited  in  deep  sea,  as 
distinct  from  littoral  or  estuary. 

Pelorosaurus  (Gr.  pelomSf  monstrous, 
and  saurus^  lizard). — A  huge  amphibi- 
ous reptile  of  the  wealden  epoch. 

Peperino.— An  Italian  term  for  a  light 
potoussx>ecies  of  volcanic  rock,  formed, 
like  tufa,  by  the  cementing  together  of 
sand,  scorisB,  cinders,  &c. 

Petrify,  Petrifaction  (Lat.  petra,  a 
stone,  and  yio,  I  become^. — Literally 
"to  convert  or  change  into  stone." 
When  a  shell,  bone,  or  fragment  of 
wood,  by  being  enclosed  in  mud  or 
other  sedimentary  matter,  becomes 
hard  and  Btony,  it  is  said  to  be  petri- 
Sed.    Petrifaction  ia  thus  caused  by 


the  particles  of  stony  matter  entering, 
while  in  solution,  into  the  pores  of  the 
vegetable  or  animal  tissue,  and,  as  the 
organic  matter  disappears,  graduidly 
taking  its  place. 

Petrolbuk  (Lat.  petm,  rock,  and 
oleum,  oil). — A  liquid  mineral  pitch,  so 
called  from  its  oozing  oat  of  certain 
strata  like  oil. 

Petrosilex.— Literally  "flint-rock."  A 
synonym  of  homstone,  though  some- 
times applied  to  the  harder  kinds  of 
compact  felspar. 

Petworth  Marsle. — A  limestone  of  the 
weald ;  called  also  "  Sussex  marble." 
It  is  almost  entirely  composed  of  the 
shells  of  paludina,  a  well-known  firesh- 
water  univalve ;  hence  also  the  term 
"paludina  marble." 

Pfahlbaxtten  (Oter.) — Literally  **  pile- 
dwellings  ; "  the  term  applied  by  Swiss 
archsBologists  to  the  prehistoric  lake- 
habitations  of  that  country.  Since 
1854  much  attention  has  been  directed 
to  these  ancient  dwellings,  as  may  be 
gathered  from  the  works  of  MM. 
Troyon,  Kellor,  Morlot,  and  others — 
all  of  them  agreeing  that  this  mode  of 
habitation  seems  to  have  been  com- 
mon during  the  stone  and  bronze 
periods,  and  even  during  the  earlier 
part  of  the  iron  period.  Similar  lake- 
dwellings  have  been  discovered  in 
Ireland  and  Scotland,  and  are  there 
known  as  Crannoges. 

Phascolotherium  {GtT.pha8kolo8,^xichi 
and  therion,  animal). — ^A  marsupial 
quadruped  of  the  oolitic  period. 

Pbonolite  (Gr.  phonos,  sound,    and 
lit?io8f  stone). — A  species  of  basaltic, 
greenstone ;  so  called  firom  its  ringing 
metallic  -sound  when  struck  by  the 
hammer.    Same  as  Clinkstone. 

PiNiTES  (Lat.  j^miM,  the  pine-tree). — The 
generic  term  for  all  fossil  wood  that 
exhibits  structural  approximations  to 
the  coniferous  order :  undoubted  coni- 
ferous remains  being  ranked  under  the 
term  Peucitea.  Remains  of  both 
occur  in  the  coal-measures  and  up- 
wards ;  but  the  existing  genus  Pinus 
has  not  been  found  earlier  than  in 
pleistocene  or  upper  tertiary  deposits. 

Pisiform  (Lat.  piaumt  a  pea).— Occur- 
ring in  small  concretions  like  peas; 
e.g.f  pisiform  iron-ore. 

Pisolite  (Lat.  pisunit  a  pea,  and  Or. 
litho8,  stone). — A  concretionary  lime- 
stone resembling  an  agglutination  of 
peas.  When  the  concretions  are 
small,  the  rock  is  termed  "roestone" 
or  "oolite," 

PiTOHSTONB.— A  glassy  rock  of  the 
trappean  division  ;  so  called  from  the 
pitchy  lustre  of  its  fracture. 

Plaqooanoid  (Gr.  B^Q"*»  ^  ^%Jife,  «»ak. 
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is  protected  by  laive  ganoid,  often 
reticulated  pUUei.  The  Plaeoganoids 
are  richly  represented  in  the  old  red 
epoch  and  diaappear  in  the  carbon- 
iferona  ;  whereas  the  other  snb-order, 
the  Lepidoganoids  or  scale-oovered 
ganoida,  bc^gin  at  that  period  to 
increaae  in  numbers. 

Flaccid,  Placoidban  (Gr.  p2ax,  a  plate, 
and  eido9t  formX — One  of  the  orders 
of  fishes,  as  arranged  by  M .  Agassiz. 
The  plaooids  are  covered  with  irregular 
plates  of  enamel,  and  these  fi«quently 
nimished  with  thorny  tubercles.  AU 
the  cartilaginous  fishes,  with  the 
exception  of  the  sturgeon,  belong  to 
this  order. — See  fig.,  par.  167. 

Plauiaulax,  an  abbreviation  for  Pla- 
oiAULACODOM  (Gr.  plogiM,  oblique ; 
aulax,  groove;  and  odou*^  tooth). — A 
small  herbivorous  marsupial  whose 
teeth  and  Jaws  have  been  found  in 
the  Pnrbeck  beds  of  the  oolite :  and  so 
named  in  reference  to  the  diagonal 
grooving  of  the  premolars.— See  fig. 

PLAOioerroMA  (Gr.  plagioa,  oblique,  and 
§toma,  the  mouth).— A  generic  term 
applied  to  certain  compressed,  ob- 
liquely oval  bivalves  of  the  oyster 
familv,  which  are  found  fossil  fh)m 
the  trias  upwards.  They  are'  now 
ranked  under  •  the  sjmonym  Lima, 
and  partly  under  Spondyltu.—^efig., 
Oolitic  System. 

Planerkalk  or  Planerkalkstein. — 
The  German  term  for  the  upper  mem- 
ber of  the  chalk  formation  in  Saxony 
— our  white  chalk. 

Plastic  Clat.— One  of  the  lowest  mem- 
bers in  the  London  tertiary  basin  ;  so 
called  from  its  use  in  the  manufacture 
of  pottery,  kc.  (Gr.  plasao,  I  fashion 
or  fabricate.) 

PLATTS0MU8(Gr.  pkUya^  broad,  and  ontoM, 
shoulder). — A  ganoid  fish  of  the  car- 
boniferous and  permian  epochs,  and 
so  called  fW>ra  its  deep  bream-like 
body.— See  fig.,  Permian  System. 

Pleiocekb  (Gr.  pleion,  more,  and 
kainos,  recent). — Sir  G.  Lyell's  term 
for  the  upper  tertiary  group,  as  con- 
taining more  of  recent  than  of  extinct 
species.    See  Eocene. 

Plsistoceke  (Gr.  pleistos,  most,  and 
kainos,  recent). — A  term  used  as  syno- 
nymous with  Post-tertiary,  and  imply- 
ing that  the  organic  remains  in  such 
accumulations  belong  almost  wholly 
to  existing  species. 

Plebiosaurub  (Gr.  plesios,  near  to,  and 
Maunu,  lizard). — A  marine  reptile  of 
the  oolite;  so  called  from  its  being 
more  nearly  allied  to  reptiles  than  the 
ichthyosaurus.— See  fig. 

PLEUBODOirr  (Gt.  pleurou,  the  side,  and 


alveolar  groove,  and  supported  by  its 
side.    See  Thecodont. 

Plsurotomaria  (Gr.  pleuron,  side,  and 
tomi,  notch). — An  extensive  genus  of 
fossil  shells  belonging  to  the  gaster- 
opod  family  of  the  HaliotideB.  The 
shell  resembles  the  trochtu,  is  solid, 
few-whorled,  has  its  surface  variously 
ornamented,  and  has  a  deep  slit  or 
notch  in  the  outer  margin  of  its  some- 
what square  aperture.  lliere  are 
several  hundred  species,  ranging  from 
the  Silurian  to  the  chalk  inclusive. — 
See  fig.,  Devonian  System. 

Pliosaurus  (Gr.  pleion,  more,  and  mu- 
ms, lizard). — ^A  marine  reptile  of  the 
oolite,  intermediate  between  the  ple- 
siosaur  and  ichthyosaur. 

Plumbago  (Lat.  plumbum^  leadX — One 
of  the  names  given  to  graphite,  or 
black-lead,  from  its  resemblance  to 
an  ore  of  lead.    See  Graphite. 

Plutonic  (Pluto,  the  god  of  the  inferior 
regions). — Igneous  rocks  formed  at 
some  depth  below  the  surface  of  the 
land  or  sea,  as  distinct  from  Voleanie, 
or  those  thrown  up  to  the  surface. 

PoACiTEs  (Lat.  poa,  the  meadow-grassX 
— The  generic  term  for  all  fossil  mono- 
cotyledonous  leaves,  the  veins  of 
which  are  parallel,  simple,  of  equal 
thickness,  and  not  connected  by 
transverse  bars. 

PoLYFE  (Gr.  polys,  many,  and  pous, 
foot).— The  zoological  term  applied  to 
zoophytes  having  many  tentacnla  or 
foot-lUce  organs  of  prehension ;  hence 
also  the  term  Polypidom  (Lat.  domus, 
a  house),  for  the  stony  or  coralline 
structure  they  inhabit. 

PoLYZOA  (Gr.  polys,  many,  zoa,  ani- 
mals).—This  term  embraces  all  the 
minute  molluscs  or  mollnscolds  that 
inhabit  compound  phytoidal  struc- 
tures like  the  Jlustra  and  rett^Mtra, 
and  which  were,  till  lately,  confound- 
ed with  the  polypes  or  corallines; 
known  also  as  Bryozoa,  which  see. 

PoRPHYBT  (Gr.  porphyreos,  purpleX— 
This  term  was  originally  applied  to 
a  reddish  igneous  rock  found  in  Upper 
Egypt,  and  used  for  sculptural  pur- 
poses. It  is  now  employed  by  geolo- 
gists to  denote  any  rock  (whatever  its 
colour)  which  contains  embedded 
crystals  distinct  from  the  main  mass 
or  matrix.  We  have  thus  felspar- 
porphyry,  daystone-porphyry,  pw- 
phyritic  granite,  and  porphyritic 
greenstone. 

PoTBRiocRiNiTBS  (Gr.  poteHon,  agoUet, 
and  encrinite).—A  genus  of  encrinites 
occurring  in  the  mountain  limestone ; 
so  called  from  the  vase  or  goblet  shape 
of  its  body. 


odous,    tooth). — A  term  ap\>\\fc^  \i^    "^«iwTtQ«^.—k  soft  magnesianro^dc,  sec- 
Professor  Owen  to  thoae  Vntcnot  ot        ^ft,  »»^  <a:^^^  ^A  X^w  Caahioned 
squamate   Baniiana  ^h\c\i  \\a^ft  ^^«i       W -p^^^^lJ^awa^N  ^Jafe\«i^ 
Weth  anchyloaed  to  tiie  \)Ottom  ol  mv       cllXiift  ««i«jD!». 
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PozznoLANA  (f^om  Pozznoli,  in  the  Bay 
of  Naples). — ^A  volcanic  ash  nsed  in 
the  manufacture  of  Roman  cement. 

Primary,  Primitive. — Applied  by  the 
earlier  geologists  to  non-fossiliferous 
rocks,  such  as  gneiss  and  mica-schist, 
from  the  belief  that  they  were  first- 
formed  (Lat.  prirmi^,  first),  or  deposit- 
ed before  the  creation  of  life  on  our 
globe.  Equivalent  to  Hypogene  or 
Azoic. 

Primordial.— A  term  nsed  by  M.  Bar- 
rande  for  the  lowest  or  earliest  zone  of 
foBsiliferous  strata.  Same  as  Cam- 
brian of  Sedgwick. 

Protooine  (Gr.  protos,  first,  and  gino- 
mai,  I  am  formed). — The  French  term 
for  a  granite  composed  of  felspar, 
quartz,  and  talc;  not  very  happily 
chosen. 

Protozoa  (Gr.  protoSy  first,  and  zod, 
life). — In  modem  systems  of  classifica- 
tion the  first  or  lowest  division  of  the 
animal  kingdom.  It  includes  a  num- 
ber of  creatures  of  a  very  lowly  type 
of  organisation,  and  which  appear 
almost  to  occupy  a  sort  of  neutral 
ground  between  animals  and  vege- 
tables. It  embraces  the  Rhizopoda^  to 
which  the  foraminifera  belone;  the 
Poriffera,  or  sponges;  and  the  In- 
ftLSoria. 

Protozoic  (Gr.  protoSf  first,  and  zob, 
life).  —  The  strata  containing  the 
earliest  traces  of  life ;  equivalent  to 
Primordial. 

'    PSAROLITEB  Or  PSARONITES  (Gr.  pSOTOSf 

speckled,  and  litftos,  stone).  —  The 
name  given  to  the  silicified  stems  of 
tree-ferns  found  abundantly  in  the 
new  red  sandstone  of  Hillersdorf,  in 
Saxony,  in  aUusion  to  the  stellated 
markings  produced  by  sections  of  the 
vessels  composing  their  tissues.  The 
Staarenstein  or  starstone  of  the 
Germans. 

Pterodactyle  (Gr.  pteron,  wing,  and 
daktylogf  finger). — A  fiying  reptile  of 
the  mesozoic  epoch,  with  one  elon- 
gated wing-finger. — See  fig. 

PTEROPHYLLUMfGr.  ptcrcni,  a  wing,  and 
phyllorif  leaf). — Literally  *' wing- 
leaf  ; "  a  genus  of  cycadaceous  leaves, 
chiefly  from  the  lias  and  oolite.  Ldke 
ferns,  they  are  pinnated,  but  are 
readily  distinguished  by  their  greater 
substance,  thicker  midrib,  and  espe- 


cially by  their  veins  being  in  all  cases 
undivided;  that  is,  never  forking  or 
dichotomising  as  in  ferns.— See  fig. 

Pteryqotub  (Gr.  pteryx.  a  wing,  and 
ousy  otoSy  the  ear). — A  gigantic  crusta- 
cean of  unknown  affinity,  belonging  to 
the  dawn  of  the  old  red  sandstone 
period.  So  called  from  the  peculiar 
shape  of  its  detached  mandibular  or 
#  jaw-feet,  which  were  at  first  mistaken 
by  AgassJz  as  the  remains  of  some 
fish.  It  has  been  found  chiefly  in 
Forfiar  and  Hereford  shires.- See  flg. 

Ptychoceras,  Ptychoceratite  (Gr. 
j7t^eAd,  afold).— Agenus  of  chambered 
shells  of  the  ammonite  family,  charac- 
teristic of  the  chalk  formation,  and  so 
called  from  the  shape  of  the  shell, 
which  is  bent  or  folded  upon  itself— 
the  two  straight  portions  being  in 
contact 

PuDDiKOSTONE. — Now  uscd  as  synony- 
mous with  Conglomerate,  but  origin- 
ally applied  to  a  cemented  mass  of 
flint  pebbles,  firom  the  resemblance  of 
the  embedded  pebbles  to  the  fruit  in 
a  plum-pudding. 

Pulverise  (Lat  putvus^  pvlverisy  dust), 
— To  reduce  to  dust  or  powder ;  to 
crumble.  Soil  and  rocks  crumbled 
down  by  aqueous  or  atmospheric 
agency  are  said  to  be  pulverised. 

Pumice  (Ital.  pomice,  akin  to  spuma, 
froth).— Alight  spongy  lava ;  volcanic 
froth  or  scum. 

Pycnodonts  (Gr.  pyknos,  thick,  and 
odous,  odorUoSy  tooth).  —  Literally 
*'  thick  teeth ; "  an  extensive  family  of 
flshes  occurring  in  mesozoic  strata. 
Their  leading  character  consists  in 
having  the  mouth  provided  with  a 
dense  pavement  of  thick,  round,  and 
flat  teeth,  for  the  purpose  of  crushing 
the  shells  and  Crustacea  on  which 
they  fed. 

Pyrttes  (Gr.  jpyr,  fire,  and  ites  for  iUios). 
— Sulphurets  of  iron,  copper,  &c.,  are 
so  termed,  either  from  the  hardness  ot 
iron  pyrites,  which  strikes  fire,  or 
from  its  decomposing  spontaneously 
with  a  considerable  evolution  of  heat. 

PyROOENou8(Gr.j?yr,  fire,  and  ginomai, 
I  am  formed).— Fire-formed ;  used  as 
synonymous  with  igneous. 

Pyroxene  (Gr.  jpyr,  fire,  and  xenos, 
strange). — A  name  used  by  Conti- 
nentcu  mineralogists  for  augUe. 


Q 


Quadersandstein  (  Ger.  )  —  Literally 
**  square-stone  "  or  **  freestone,"  a 
member  of  the  German  chsdk  forma- 
tion, apparently  the  equivalent  of  our 
ui>per  greensand. 

QuADRTTMANA  (Lat  qudttuoTy  fonr ;  man- 
us,  hand).  —lAtenlly  ''four-handed ; " 
applied  to  the  moDkeys  and  lemurs. 


QuAQUAVBRSAL.— Dipping  on  every  side ; 

applied  to  strata  that  dip  on  all  sides 

from  a  common  centre. 
Quartz. — ^A  German  miner's  term  for 

crystallised  silica;  rocit-<ac^^aX.\  «iJss». 
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Knerally  applied  to  sandstones  which  Quatsbnabt  (Lat.  quatuor,  roiir).'Ap- 
kve  been  indurated  or  altered  by  heat  plied  to  all  accumolations  above  the 
00  as  to  assume  the  aspect  of  quartz  trae  teitiariea ;  eqoiyalent  to  Post- 
rock,  tertiary. 


B 


Radiolitks. — A  genus  of  cretaceou| 
bivalves  belonging  to  the  curious  Hip- 
pwrite  family,  and  so  called  from  the 
radiated  structure  of  the  outer  layer 
of  its  opercular-looking  upper  valve. 
The  under  valve  is  large,  inversely 
conical,  and  rough  and  foliaceous  out- 
side; the  upper  valve  is  convex  or 
sub-conical,  and  so  small  in  propor- 
tion as  to  look  like  an  operculum 
rather  than  true  valve. —See  fig. 

Bag,  Raootonk. — A  provincial  English 
term  for  any  coarse  concretionary  or 
breccio-concretionary  silicious  rock, 
at  "  Kentish  rag,"  "  Rowley  rag,"  &c. 

Ruddle.— A  provincial  term  for  a  red 
argillaceous  ore  of  iron;  also  called 
rea-clay  and  red-chalk.  It  is  simply 
decomposing  huimatite. 

BcNiroRM  (Lat.  ren,  kidneyX— Applied 
to  kidney-shaped  concretions  of  iron- 
stone, limestone,  &c. 

Bktihite,  Resin ite.— Known  also  as 
retiiia^halt ;  one  of  the  mineral  resins 
occurring  in  brown-coal  and  peat  for- 
mations, in  roundish  irregular  lumps, 
of  a  yellowish -brown  colour,  resinous 
lustre,  easily  broken,  and  slightly 
transparent.  It  is  an  impure  hydro- 
carbon or  fossil  resin,  usually  melts 
at  a  low  heat,  and  bums  with  an  aro- 
matic or  bituminous  odour. 

Rhynchosaurus  (Gr.  rhynchos,  beak, 
and  sauros,  lizard).— Literally  *•  beak- 
saurian;"  a  remarkable  genus  of 
saurians  from  the  new  red  sandstone 
of  Warwickshire,  combining  the  lizard 
type  of  skull  with  toothless  jaws,  and 
■o  termed  from  the  long  downward- 
curving  intermaxillary  bones,  which 
impart  to  the  fore  part  of  the  head  a 
beak-like  aspect.— See  fig. 


Bhtncoutes  or  Rhtkchouteb  (Gr. 
rkyneho8,.9L  beak,  and  lithoSt  stone).— 
The  fossil  beak-like  mandibles  of  ce- 
phalopods  (like  the  cuttle-fish  and 
nautilus)  which  generally  occur  de- 
tached in  the  lias,  oolite,  and  chalk 
formations. 

Roches  Moutonnee. — ^The  name  given 
by  French  geologists  to  those  rounded 
projecting  eminences  of  Alpine  rocks 
that  have  been  worn  down  and 
smoothed  by  glacier-action ;  so  called 
from  their  appearance  to  the  backs  of 
sheep  seen  at  a  distance. 

RocKiNo-STONES. — Weather- wom  round- 
ed blocks,  generally  of  granite  or 
tabular  greenstone,  so  nicely  poised 
on  their  basis  that  a  very  ordinary 
force  suffices  to  make  them  oscillate 
or  "  rock  "  from  side  to  side. 

Rock-salt. — Common  salt,  when  found 
in  rock-masses,  as  in  Cheshure,  is  thus 
termed. 

RoTH-TODTE-LiEOENDE. — ^Literally  "red- 
dead-liers;"  the  name  given  by  Ger- 
man miners  to  the  red  sandstones  and 
marls  which  lie  under  the  kupfer- 
schiefer  or  copper-slate,  because  they 
are  "  dead  "  or  non-metalliferous. 

R0TTBN8TONE. — A  silicious  and  alumi- 
nous compound  resulting  from  the 
decomposition  of  impure  limestones 
by  the  percolation  of  carbonated 
waters. 

Rubble. — A  qu8rryman*s  term  for  the 
loose  covering  of  angular  fragments 
whi(A  appears  at  the  outcrop  of  many 
sandstones.  Applied  also  to  all  ac- 
cumulations of  loose  angular  frag- 
ments not  water- worn  and  rounded 
like  gravel  and  shingle. 


s 


SACCHARoiD(Lat.  saccharum^  sugar,  and 
Gr.  eidoSf  form).— Resembling  loaf- 
sugar  in  texture;  applied  to  crystal- 
line limestones. 

Saddle-back. — A  familiar  term  for  anti- 
clinal strata,  which  see. 

St  Cuthbert's  Beads. — A  north-of-Eng- 
land  term  for  the  separate  bead-like 
joints  of  the  encrinite,  from  a  legend 
alluded  to  by  Sir  Walter  Scott  in 
"Mannion"— 

"  On  a  rock  by  lAneLtetam©, 
St  Cuthbert  sits,  and  toVia  to  tnLme 
The  sea-bom  beads  that  beat  'bia  •nasoft. 


Saufbrous  (Lat.  «aZ,  salt,  and  fero^  I 
yieldV. — Containing  or  yielding  si^ 
as  *'saliferous  strata,*'^  **  saliferons 
deposits,"  &C.  Scd\feT(nu  sygtem  is 
often  used  as  synonymous  with  Upper 
New  Red  Sandstone,  which  is  the 
great  repository  of  rock-salt  in  Eng- 
land. 

Salinas.— The   name   given   in  South 

America  to  those  superficial  deposits 

vrbich  often  occupy  extensive  plains 

tiw  XX»  'tMj&L^  «t  T«&s\L«aa  side  of  the 
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crystalline  incrustation.  They  occnr 
at  all  elevations,  from  a  few  feet  to 
several  thousand  feet  above  the  sea- 
level,  and  are  evidently  the  remains 
of  upheaved  sea-reaches  and  lagoons. 

Saline  (Lat.  saly  salt)^ — Containing  or 
impregnated  with  salt,  as  "saline" 
springs. 

Sadrians  (Gr.  sauros,  a  lizard). — Lizard- 
like scaly  reptiles  like  the  existing 
lizards,  monitors,  iguanas,  chame- 
leous,  &c.,  and  the  fossil  iguanodons, 
ichthyosaurs,  plesiosaurs,  &c.  Sau- 
roid,  like  or  akin  to  saurians. 

ScALARiFOBM  (Lat.  scttlariSy  a  ladder, 
and  forma,  form).  —  Presenting  the 
appearance  of  a  ladder ;  applied  by 
botanists  and  microscopists  to  certain 
vessels  in  the  woody  structure  of  the 
cycads  and  conifers  having  an  elon- 
gated form,  and  crossed  by  connecting 
fibres,  like  the  steps  of  a  ladder. 

SoAFHiTE  (Lat.  scapha,  a  skifi).*— A 
chambered  sliell  of  the  chalk  forma- 
tion ;  so  termed  from  its  boat-like  con- 
tour, its  inner  whorls  looking  like  an 
ancient  reversed  prow. — See  tig. 

Scar.— A  bluff  precipice  of  rock;  hence 
' '  scar-limestone,"  applied  to  the  moun- 
tain limestone  as  it  occurs  in  the  hills 
of  Yorkshire  and  Westmoreland. 

ScHiLLBR-BPAB  (Ger.  schUlem,  to  change 
colour). — A  magnesio-silicious  mineral 
having  a  pearly  metallic  lustre,  flat 
cleavage,  and  exhibiting  a  slight  play 
of  colour.    See  Diallage. 

Schist  (Gr.  schisma,  a  splitting  or  divi- 
sion).— This  term  should  be  restricted 
to  such  rocks  as  mica-schist,  gneiss, 
and  the  like,  which  have  a  foliated 
structure,  and  split  up  in  thin  irreg- 
ular plates,  not  by  regular  cleavage 
as  in  slate  rocks. 

ScHLERODus  (Gr.  schleroSf  rough,  and 
odotLSf  tooth). — A  genus  of  fishes  found 
in  the  Ludlow  buue  bed,  and  so  named 
from  the  raised  pustules  on  the  surface 
of  their  teeth. 

Schorl  or  Black  Tourmaline. — A  pris- 
matic longitudinally-striated  mineral, 
occurring  abundantly  in  granitic 
rocks. 

ScoLiTHua  or  Scolites  (Gr.  akolios,  tor- 
tuous).— Applied  to  those  tortuous 
tube-like  markings  which  occur  in 
certain  sandstones,  and  which  seem 
to  have  been  the  burrows  or  trails  of 
annelids. — 2See  fig. 

SooRiiE  (Ital.  scoria,  dross). — Applied  to 
all  accumulations  of  dust,  ashes,  cin- 
ders, and  loose  fragments  of  rock  dis- 
charged from  volcanoes. 

Seam. — Strictly  speaking,  the  line  of 
separation  between  two  strata,  but 
loosely  applied  to  subordinate  strata, 
occurring  in  any  series,  as  seams  of 
coat  in  the  coal-measures. 

Secondary  Strata, — Originally  applied 
to  the  foBsiliferona  st^ta  lying  be- 


tween  the  transition  and    tertiary. 
Same  as  Mesozoic. 

Section  (Lat.  sectus,  cut  through). — 
The  plane,  actual  or  ideal,  which  cuts 
through  any  portion  of  the  earth's 
crust  so  as  to  show  the  internal  struc- 
ture of  that  portion.  Natural  sec- 
tions are  exhibited  by  sea-cliffs,  sides 
of  ravines,  Ac. ;  arti/ieial  ones  by 
road  and  railway  cuttings,  wells,  and 
coal-pits. 

Sediment  (Lat.  s«dere,  to  settle  down). 
— Matter  settled  down  from  suspen- 
sion in  water.  If  the  turbid  muddy 
waters  of  a  river  be  allowed  to  stag- 
nate, the  mud  will  gradually  fall  to 
the  bottom  and  form  sediment.  Rocks 
which  have  been  formed  in  this  man- 
ner, as  shale,  clay,  sandstone,  &c., 
are  termed  sedimentary. 

Seismolooy  (Gr.  seisnws,  a  shock  or 
earthquake,  and  logos,  reasoning). — . 
The  science  of  earthquakes  in  all  that 
relates  to  their  forces,  duration,  lines 
of  direction,  periodicity,  and  other 
characteristics. 

Seismometer  (Gr.) — Literally  **  shock- 
measurer  ; "  an  instrument,  or  rather 
apparatus,  of  which  there  are  several 
modifications,  for  measuring  the  force 
and  direction  of  earthquake  convul-  . 
sions. 

Selenite  (Gr.  seleni,  the  moon).— Crvs- 
tallised  sulphate  of  lime ;  so  called 
from  its  subdued  lustre  and  trans- 
parency. 

Sbptaria  (Lat.  septum,  a  fence  or  divi- 
sion).— Nodules  of  clay,  ironstone,  or 
other  matter,  internally  divided  into 
numerous  angular  compartments  by 
fissures  which  are  usually  filled  with 
calcareous  spar. 

Series.— Applied  to  a  number  of  allied 
objects  arranged  in  sequence,  as  the 
greensand  series,  Wenlock  series,  Ac. 

Serpentine. — A  sUicio-magnesian  rock 
of  metamorphic  origin  ;  so  called  from 
the  resemblance  of  its  mottled  colours 
to  the  skin  of  a  serpent. 

Shale  ((}er.  schalen,  to  peel  or  shell 
off). — Applied  to  all  argillaceous  strata 
that  split  up  or  peel  off  in  thin  laminse. 
Clay  is  massive  or  plastic;  m^irl  is 
friable  or  crumbly;  shale  occurs  in 
leaf-like  laminse. 

Shingle.  —  Loose  imperfectly-rounded 
stones  and  pebbles,  as  distinct  from 
gravel  and  sand. 

Siqillaria  (Lat.  siffUlum,,  a  seal). — An 
extensive  genus  of  fluted  tree-stems 
characteristic  of  the  carboniferous 
system,  and  so  named  from  the  seal- 
like punctures  (leaf -scars)  which  occnr 
on  the  ridges  or  raised  flutings  of 
their  stems. — See  fig. 

Silicified  (Lat.  sUex^  flinty  ves.^  '^a.^'V 
am  madei).— Go^'^^'c^^  '^'^^^**  ^cco^^^  «^ 
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SiLicioua  (Lat  tiUx^  flintX— All  rocks 
having  a  flinty  texture  are  said  to  be 
siliciouB.  Rock-crystal  and  quartz 
are  the  purest  states  in  which  giUx 
occurs  in  nature ;  common  flint  is  an 
impure  variety. 

iJiLiciuus  SiMTRR  {see  Sinter). — A  sili- 
cious  incrustation  or  deposit  from 
springs  holding  silica  in  solution,  like 
the  Geysers  of  Iceland. 

Silt  is  properly  applied  to  the  fine  im- 
palpable mad  which  collects  in  lakes 
anti  estuaries,  but  is  generally  nsed 
to  designate  all  calm  and  gradoal  de- 
posits of  mud,  clay,  or  sand. 

Sinter  (Ger.  iintem,  to  drop). — Com- 
pact incrustations  from  silicious  or 
calcareous  springs  are  known  as  sili- 
ciuus  sinter  and  calc- sinter.  The 
term  is  applied  iu  contradistinction 
to  tuff*  or  tufa,  which  is  open  and 
porous. 

Slate.— This  term  should  be  restricted 
to  argillaceous  rocks,  like  roofing^ 
slate,  whose  lamination  is  not  pp^ 
duced  by  lines  of  bedding,  but  is  due 
to  a  metamorphism  called  cleavage, 
which  often  runs  at  right  angles  to 
the  line  of  stratiflcatioiL 

Slickenhides. — In  mining,  the  smooth 
striated  surface  of  a  fault  or  flsxure, 
apparently  produced  by  convulsive 
friction,  and  subsequently  coated  with 
a  silicious  or  calcareous  glaze  by  the 
passage  of  water  or  heated  vapours. 

S0AP8T0NE. — A  soft  sectile  variety  of 
steatite;  so  called  from  its  soapy 
feel. 

SoLFATARA  (Ital.  80I/0,  sulphur). — A 
volcanic  fissure  or  orifice  from  which 
sulphureous  vapours,  hot  mud,  and 
steam  are  emitted. 

Spar  (Ger.  apath). — A  mineralogical 
term  applied  to  those  crystals  or 
minerals  which  break  up  into  rhombs, 
cubes,  plates,  prisms,  Ac. ,  with  smooth 
cleavage-faces.  Hence  we  have  calc- 
spar,  felspar,  brown  spar,  &c. 

Splint  or  Splent  Coal. — A  Scotch  term 
for  a  hard  laminated  variety  of  coal 
intermediate  between  cannel  and  com- 
mon pit  coaL 

Spore,  Sporule  (Gr.  spora,  seed). — The 
reproductive  germ  of  crjrptogamic 
plants,  as  the  fern  and  club-moss. 

Stalaotitb  (Gr.  staUtaso,  to  drop). — Ax)- 
plied  to  those  icicle-like  incrustations 
of  lime,  calcedony,  &c.,  which  often 
fret  the  roofs  of  caverns  and  fissures, 
and  which  arise  from  the  dropping  of 
water  holding  these  rock-matters  in 
solution. 

Stalagmite  (Gr.  stalagma,  a  drop). — 
The  same  mineral  matter  as  stalactite, 
but  applied  to  the  incrustation  that 
covers  the  floor  of  the  cavern.  The 
stalactites  and  BtalBLgmiW  tie<v^«uWj 
meet  each  otber,  and  iotm  ^S^^-'^^^ 
masses  in  limestoiia  oa'v«ni«. 


Steatite  (Gr.  stear,  fat).— A  soft  nug- 
nesian  rock  having  a  smooth  soapy 
feel;  soapstone. 

Stigmaria  (Lat.  stigma^  a  dot  or  punc- 
ture).— An  extenAive  assemblage  of 
root-stems  characteristic  of  the  car- 
boniferous system,  and  so  named  from 
their  regularly  pitted  or  dotted  sur- 
lace— each  puncture  representing  the 
attachment  of  a  long,  slender,  fleshy 
radicle.  Stigmaria  are  the  roots  of 
ngillaria. — See  fig. 

Stinkstone  (Ger.  stinksteiny—A.  name 
given  to  fetid  limestones  —  that  is, 
those  which,  on  being  struck  or 
rubbed,  emit  an  odour  of  sulphuretted 
hydrogen. 

Stratum,  plural  Strata  (Lat  stratum, 
strewn  or  spread  outX — When  rocks 
lie  in  layers,  one  above  anotJier,  each 
layer  forms  a  stratum,  the  whole  a 
series  of  strata.  Rocks  lying  in  panl- 
lei  layers  are  said  to  be  stratifi/si; 
those  among  which  l^ere  is  no  ap- 
pearance of  this  arrangement,  im- 
stratified.  Layer,  bed,  seam,  band, 
&C.,  are  less  or  more  used  as  synony- 
mous with  stratum. 

Striated  (Lat.  stria,  a  streakli  — 
Streaked  or  marked  with  fine  thread- 
like lines  running  parallel  to  each 
other. 

Strike  (Qer.  streiehen,  to  stretch^— 
The  direction  or  line  of  outcrop  of 
any  stratum.  The  strike  of  a  stratoin 
is  at  right  angles  to  its  dip. 

Sttlonurus  (Gr.  stylos,  a  writing-8tyl^ 
and  oura,  the  tail). — A  cmstacean  of 
the  lower  old  red,  exhibiting  a  form 
intermediate  between  tiie  xiphosmus 
and  phyllopod  families. — See  fig. 

Stythk.— A  miner's  term  for  "choke- 
damp,"  "after-damp,"  or  carbonic 
acid  gas. 

Sub,  SuB-CRTSTAJLLnrs,  Sub-columnab, 
&c.— In  Geology  the  term  svb  (under) 
is  employed  to  denote  a  less  or  in- 
ferior degree ;  as  sub-crystalline,  leas 
than  crystalline — sub-columnar,  not 
distinctly  columnar,  &c.  It  also  ap- 
plies to  position  ;  as  sub-cretaceoos, 
under  the  chalk — sub-aqueous,  under 
the  waters,  die. 

Sub- Apennines. — An  extensive  suite  of 
older  and  newer  pliocene  beds,  which 
are  amply  developed  along  the  whole 
extent  of  Italy  on  both  flanks  of  the 
Apennines,  and  forming  a  line  df  low 
hills  between  the  older  chain  and  the 
sea. 

SuRTUR-BRAKD. — Au  Icelandic  term  for 
a  peat-like  variety  of  brown-coal  or 
lignite  occuring  in  the  pliocene  de- 
posits, and  sometimes  under  the  vol- 
canic overflows  of  tilat  island. 

Sussex  Marble.— A  shell  limestone  <tf 

\Xi«k  ^«ald«n  formation ;  so  called  turn 

\^\&%t^\ak^'\S!L%suaKs.    8m  Petwoith 
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Syenite  (from  Syene,  in  Upper  ISgypt). 
— A  granitic  rock  composed  of  felspar, 
quartz,  and  hornblende. 

Synclinal  (Gr.  syrn,  together,  and  elino, 
I  bend).— Applied  to  strata  that  dip 
from  opposite  directions  inwards,  like 
the  leaves  of  a  half-opened  book,  or 
which  incline  to  a  common  centre, 


forming  &  trough  or  basin -shaped 
hollow. 
System  (Gr.  ayn,  together,  and  histemi, 
to  stand). — Groups  of  objects  or  oc- 
currences having  such  relations  as 
permit  them  to  be  classed  together, 
constitute  a  system. 


Tabular. — Composed  of,  or  arranged  in, 
square  blocks  or  table-like  masses,  as 
many  granites  and  greenstones.  The 
tabular  frequently  passes  into  the  co- 
lumnar structure,  and  vice  versd. 

Talu&—  The  loose  detritus  accumulated 
at  the  base  of  cliffs  and  precipices, 
and  derived  from  their  weathered  and 
wasted  surfaces. 

Taxites  (Lat.  taxus,  the  yew-tree).— 
The  generic  term  for  such  coniferous 
ramains  as  are  evidently  allied  to  the 
yew-tree.  They  occur  in  the  oolite, 
but  chiefly  in  the  tertiary  lignites. 

Teleosaurus  (Gr.  teleos,  complete,  and 
mums,  a  lizard). — A  genus  of  croco- 
dilian saurians  belonging  to  the  oolitic 
period,  and  distinguished  by  having, 
like  the  recent  gavial,  long  tapering 
muzzles,  armed  with  numerous  pointed 
teeth,  but  differing  in  having  the  nasal 
apertures  terminating  in  two  orifices 
in  front  of  the  nose,  and  not  blended 
into  one  opening,  as  in  the  recent 
species.  Differ  also  in  having  bi- 
concave instead  of  concavo-convex 
vertebrae. 

Telerpeton  (Gr.  teleos,  complete,  and 
erpeton,  reptile). —A  small  lizaM-like 
reptile  A*om  the  triassic  sandstones  of 
Elgin  formerly  supposed  to  be  of  old 
red  age,  and  so  named  from  its  perfect 
lizard-like  form.— See  fig.,  Triassic 
System. 

Telson  (Gr.  telsouy  a  limit). — The  last 
joint  or  segment  in  the  abdomen  of 
crustaceans. 

Tentaculiteb  (Lat.  tentacula,  feelers ; 
so  called  from  their  being  stretched 
out  when  the  animals  possessed  of 
them  are  in  the  act  of  exploring). — A 
genus  of  jointed  feeler-like  oxganisms 
occurring  in  Silurian  strata. 

Terai,  says  Dr  Hooker  in  his  '  Himala- 
yan Journal,'  is  a  name  loosely  a;)- 
plied  to  a  tract  of  country  at  the  very 
foot  of  the  Himalaya ;  it  is  Persian, 
and  signifies  dcmyp.  Politically  the 
Terai  generally  belongs  to  the  hill- 
states  beyond ;  geographically  it 
should  appertain  to  the  plains  of 
India;  and  geologically  it  is  a  sort 
of  neutral  country,  being  composed 
neither  of  the  alluvium  of  the  plains 
nor  of  the  rocks  of  the  hills,  but  for 
the  most  part  of  altemating  beds  of 


sand,  gravel,  and  boulders  brought 
from  the  mountains. 

Tertiary.— The  third  or  upper  great 
division  of  the  stratified  systems,  as 
distinguished  ttova.  secondary  and 
primary. 

Tetrapodichnites  (Gr.  Utra,  four; 
po%u,  podost  the  foot;  icATum,  a 
footprint ;  and  ites). — The  footprints 
of  four-footed  creatures,  as  batracfaian 
reptiles  and  other  terrestrial  saurians. 

Theoodontosaurus  (Gr.  tAeIrd,  a  sheath ; 
odous,  tooth ;  and  aaunis,  lizard). — A 
permian  saurian;  so  called  from  the 
sheath  or  cone-in-cone-like  structure 
of  its  teeth.  The  Thecodonts  form  one 
of  Owen's  orders  of  extinct  reptiles. 

Thelodus  (Gr.  thelif  a  little  nipple,  and 
odouSf  tooth).— A  fish  of  the  Silurian 
bone-bed ;  so  called  from  its  peculiar 
mammilated  teeth.  Nothing  is  yet 
known  of  its  true  a£Bnities. 

Thermal  (Gr.  tfiermi,  heat).— Applied 
to  hot  springs  and  other  waters  whose 
temperature  exceeds  that  of  60°  Fahr. 

Thuites. — A  genus  of  coniferous  plants 
occurring  in  fragments  in  the  shale 
and  coal  of  the  oolite,  and  so  called 
from  the  resemblance  of  their  imbri- 
cated stems  and  terminal  twigs  to 
those  of  the  modem  thuja  or  thuya, 
better  known  as  the  arhor-vitm. 

Thylacotherium  (Gr.  thylakoB^  pouch, 
and  theriont  animal).— A  marsupiid 
mammal  of  the  oolite.  Same  as  am- 
phitherium. 

T1LE8TONB. — Any  thinly-laminated  sand- 
stone fit  for  roofing ;  applied  specially 
to  the  flaggy  beds  at  the  base  of  the 
old  red  sandstone. 

Toadstons.— Applied  to  certain  earthy 
amygdaloids  occurring  in  connection 
with  the  mountain  limestones  of 
Derbyshire.  By  some  said  to  be  from 
the  German  todt-steint  or  dead- stone, 
as  being  dead  or  unfruitful  of  lead 
ore.  According  to  others  it  derives 
its  name  from  the  resemblance  of  its 
amygdaloidal  spots  to  those  of  a  toad's 
back. 

Touchstone.— A  variety  of  flinty  slate; 
so  called  from  its  hein^  used  for  test- 
ing the  purity  of  gold— the  quality  of 
the  metal  being  judged   ot  b^  -Vbi^ 
coloux  ol  Mift  «^,x«8JK.N^\s^.<fia.^^.\«K«^».^ssk 
the  BtoQA.    See\ii^k3av.-%'WBSk. 
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ToxoDON  (Gr.  tores,  a  bow,  and  odotis, 
tooth). — A  large  quadrn})ed  of  un- 
known affinity,  from  the  upper  ter- 
tiary or  Pampean  formation  of  South 
America,  and  so  named  by  Professor 
Owen  from  the  singularly-curved  form 
of  its  two  outer  incisors. 

Trachyte  (Gr.  traehys,  rough). — A  fel- 
spathic  volcanic  rock ;  so  called  from 
its  harsh  mcai^re  feel. 

Transition.— The  passage  from  one 
state  or  period  to  another.  Formerly 
applied  to  the  older  palaeozoic  sti-ata, 
as  indicating  a  transition  from  unfos- 
siliferous  to  fossiliferous  conditions. 

Trap  .Trappean  (Swed.  trappa^  a  stair). 
—Tabular  greenstone  and  basaltic 
rocks,  from  their  rising  up  in  step- 
like masses,  were  originally  so  termed ; 
but  the  name  is  now  extended  to  all 
igneous  rocks  which  are  not  either 
strictly  granitic  or  decidedly  volcanic. 
Others  derive  the  origin  of  the  term 
fh)m  the  terrace-like  aspect  of  sec- 

'  ondary  hills,  generally  composed  of 
interstratifled  greenstones,  basalts, 
amygdaloids.  Ac,  which  stand  out  in 
ledges  from  the  softer  strata  that  have 
yielded  to  denuding  forces. 

Trass  or  Tarahh. — A  provincial  term  for 
a  tufaceous  alluvium  which  occupies 
wide  areas  in  tlie  region  of  the  Rhine. 
Its  basis  consists  almost  entirely  of 
pumice,  in  which  are  included  fhig- 
ments  of  basalts  and  other  lavas, 
pieces  of  burnt  shale,  slate,  sandstone, 
and  numerous  trunks  and  branches  of 
trees. 

Travertine.— A  whitish  concretionary 


limestone  deposited  from  ilie  water  of 
springs  holding  lime  in  solution ;  abun- 
dantly formed  by  the  waters  of  tiie 
Anio  at  Tibur,  near  Rome ;  hence  the 
name  Tiburtinus,  Travertinus. 

Trigonia  (Gr.  treis,  three,  and  gont^  a 
comerX— A  dimyarian  bivalve  of  the 
oolite  and  chalk,  so  called  from  its 
three-cornered  shape. — See  fig. 

Trigonocakpon- (Gr.  trew,  three;  pcn^. 
comer;  and  carpon,  fruit). — A  three- 
cornered  nut  of  the  coal-measures,  uf 
unknown  affinity. 

Trilobites  (Gr.  treis,  three,  and  lobog, 
lobe). — Palffiozoic  Crustacea,  especially 
characteristic  of  Silurian  strata,  so 
called  from  their  three-lobed  aspect 

Tripoli. — A  polishing  powder  originally 
brought  from  Tripoli,  but  now  found 
in  many  other  places.  It  is  a  kind  of 
rottenstone,  composed  of  the  silicious 
shields  of  microscopic  infusoria  and 
diatomaceee ;  an  infusorial  earth  or 
rock. 

Trooontherium  (Gr.  trogo^  I  gnaw,  and 
therion,  beast). — Literally  **  gnawing 
beast;"  an  extinct  ri>dent  found  in 
the  fresh-water  pleistocene  or  upper- 
most tertiaries  of  Europe,  and  so 
closely  allied  to  the  existing  beaver 
that  it  is  by  some  palseontologists  re- 
garded as  a  mere  specific  or  snb- 
generic  form. 

Tufa,  Tukf  (Ital.  tvfo^  Gr.  tophos).— 
Originally  applied  to  a  porous  rock 
composed  of  cemented  scorise  and 
ashes,  but  now  used  for  any  porous 
vesicular  compound,  as  calc-tuf^  trap- 
tuff,  volcanic  tufa,  ftc. 


Ulodendron  (Gr.  huli,  a  wood,  and 
deiidroUy  tree). — A  genus  of  coal- 
measure  trunks,  often  of  considerable 
size,  and  characterised  by  their  stems 
not  being  furrowed,  but  covered  with 
rhomboidal  scales  and  having  on 
opposite  sides  two  vertical  rows  of 
large  circular  scars,  to  which  cones 
had  been  attached. — See  fig. 

Unconformable.— Strata  lying  parallel 
on  each  other  are  said  to  be  conform- 
cbble  ;  but  when  one  set  is  laid  on  the 
upturned  edges  of  another,  they  are 
uneoriformahle. 

Ukdbbclay.  —  A  term  now  generally 


applied  to  those  argillaceous  beds  (fire- 
clays) which  immediately  underlie 
seams  of  coal.  These  underclays  are 
usually  tenacious,  more  or  less  bita- 
minous,  and  almost  always  interpene- 
trated by  stigmaria  roots.  Every 
seam  of  coal  has  not  an  underclay; 
but  where  they  exist  they  seem  to 
have  been  the  ancient  soil  or  mud  on 
which  the  vegetation  of  the  coal-bed 
flourished. 
Unstratified.  —  Used  as  synonymous 
with  igneous  ;  rocks  which  do  not 
occur  in  layers  or  strata,  but  in  amor- 
phous masses. 


Vabieoated  Sandstone.— The  new  red  Vein  fLat  vena). — Applied  in  QwAogj 

Bandstone  of  EDsVish  seo\og,\«V&\  grte  to  all  fissures  and  rents  filled  with  min- 

bigarri  of  the  Frenwi,  MiOi  buiOeT-  «wi^.  w  \ftfc\«2\\R.  xcAUer  differing  from 

stMdsUin  ot  the  Gennan.  ^^  w2«xB»a».\a.^\jtf^\jMj^  o^ajos. 
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Ventriculites  (Lat.  ventrieiUus^  a 
ventricle  or  sac).— The  name  given  to 
certain  fossil  zoophytes  of  the  chalk, 
usually  appearing  as  fungiform  flints, 
and  well  known  to  the  inhabitants  of 
Kent  and  Sussex  as  "  petrified  mush- 
rooms."— See  fig. 

Vesicular  (Lat.  vegicula^  a  little  blad- 
der).—Applied  to  rocks  ftdl  of  little 
cavities,  as  vesicular  lava,  vesicular 
trap-tuff.  Ao. 

Vitreous  (Lat.  vUruniy  glassX — Having 
the  lustre  or  aspect  of  glass :  glassy. 
VUr\fyt  to  melt  or  convert  into  glass. 

Volcanic  (Vulcanus,  god  of  fire). — 
Igneous  action  apparent  at  the  surface 
of  the  earth,  in  contradistinction  to 
PltUonic  (which  see),  or  that  taking 
place  at  great  depths  in  the  interior. 
Volcanic,  as  applied  to  rocks,  embraces 
all  igneous  products  of  recent  or  mo- 
dem origin,  as  distinct  from  trappean 
and  granitic. 

VoLKMANNiA  (after  Volkmann).  —A  pro- 
visional genus  of  coal-measure  stems 
having  verticillate  or  whorled  leaves, 
and  beiaring  cones  on  their  extremities. 
They  are  regarded  as  asterophyllites 
in  fructification. 


VoLTZiA  (after  Voltz  of  Strasburg). — A. 
genus  of  conifen)US  plants  peculiar  to 
the  permian  and  triassic  formations. 
They  greatly  resemble  araucariain  the 
form  and  imbrication  of  their  leaves.— 
See  fig. 

VULCANISM  or  VULCANICITT  (Lat.  VtU- 
canits,  the  god  of  fire).— A  general 
term  adopted  by  Humbolt  to  embrace 
**  the  entirety  of  those  telluric  pheno- 
mena which  are  to  be  ascribed  to  the 
constantly  active  reaction  of  the  in- 
terior of  the  earth  upon  its  external 
crust  or  surface.**  Thermsil  springs, 
gas  and  mud  volcanoes,  burning  springs 
and  salses,  and  the  large  burning 
mountains  or  volcanoes  proper,  are 
thus  brouglit  under  one  category ;  and 
he  regards  it  *'as  advanti^;eous  to 
avoid  the  separation  of  that  which  is 
casually  connected,  and  differs  only  in 
the  strength  of  the  manifestation  of 
force  and  the  complication  of  physical 
processes." 

VuLCANisTS. — Applied  to  those  geolo- 
gists who  opposed  the  Wemerian  or 
Neptunian  doctrine,  that  all  rocks 
were  of  aqueous  origin. 


w 


Wackb.— A  German  miner's  term  for  a 
soft  earthy  variety  of  trap-rock. 

Walcuia  (after  Walch). — A  genus  of 
coniferous  plants  occurring  in  the  car- 
boniferous and  permian  systems.  Ac- 
cording to  Sternberg,  who  erected  the 
genus,  they  have  numerous  closely-set 
regularly -pinnated  branches,  resem- 
bling those  of  Araucaria  esccelsa^  and 
which  are  thickly  beset  with  foliage. 
— See  fig.,  Permian  System. 

Warp.  —  A  provincial  terra  for  the 
muddy  deposit  from  waters  artificially 
introduced  over  low  lands,  as  those 
adjoining  the  Trent,  Onse,  Ac 

Weaui  (Sax.  wold,  or  woodland). — ^The 
low  country  lying  between  the  North 
and  South  Downs  of  Kent  and  Sussex ; 
and  from  this  localitv  being  the  chief 
area  of  a  formation  that  lies  between 


the  chalk  and  oolite,  the  term  Weal- 
den,  or  Weald,  has  been  applied  to 
the  strata  of  that  formation. 

Weathering. — The  wasting  or  wearing 
away  of  rock-surfaces  by  exposure  to 
the  atmosphere  or  weather.  Geolo- 
gists speak  of  the  "  firesh  fracture  "  in 
contradistinction  to  the  ''weathered 
surface,"  which  is  often  merely  dis- 
coloured or  covered  by  a  pellicle  of 
lichens,  but  more  frequently  corroded 
by  the  gases  and  flrosts  of  the  atmo- 
sphere. 

Wenlock  Limestone. — A  characteristic 
member  of  the  upper  Silurian  group. 

Whin,  Whinstone. — Used  in  Scotland 
as  synonymous  with  greenstone ;  but 
applied  by  miners  to  any  hard  resist- 
ing rock  that  comes  in  their  way. 


XiLOPHAQA,  Xilophaoous  (Gr.  xulon, 
wood,  and  phago,  I  eat),—- Wood-eat- 
ing;  applied  to  certain  insects  and 
mollusca  which  eat,  or  bore  into, 
woody  substances. 


XiPHOsuRA  (Gr.  xiphos,  &  sword,  and 
oura,  a  tail). — Literally  sword-tails. 
An  order  of  Crustacea,  comprising  the 
^ing-crabs,  and  chaftu!teriBed\s^  ^Smj& 
long  «vf  ox^-Vi^  XaS^. 
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ZAMma.— Fossil  plants  apparentlj  al- 
lied to  the  existing  samia.  They 
make  their  appearance  in  the  upper 
oolites,  and  oontinne  thronghont  the 
secondarj  and  tertiary  formations.— 
Beeflff. 

Zbchstbix.— Literally  "mine-stone ;"  a 
Oerman  term  synonymous  with  oar 
magnenian  limestone  —  the  copper* 
slate  (kapfer-sohiefsr)  being  worxed 
immediately  beneath  it. 


Zyoomaturus. — A  lai^  marsnpial  mam- 
mal— the  most  extraordinary  yet  dis- 
covered in  the  post-tertiary  deposits 
of  Anstralia,  and  so  named  fh>m  the 
great  width  of  the  zygomatic  arches 
of  the  sknlL  Judging  fh>m  the  size 
of  the  head,  which  was  the  only  por- 
tion found  in  1858,  it  seems  to  have 
been  as  large  as  an  ox,  and  to  have 
had  a  face  somewhat  resembling  that 
of  the  existing  wombat. 
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AcANTHODES,  Old  Red  fish,  figured,  203. 
Acicular  texture,  defined,  88. 
Actynolite  and  its  compounds,  92. 
Agents  of  geological  change,  40^0. 
Agents  of  geological  change,  epitome  of, 

69. 
Agglomerate,  defined,  Glossar>'. 
Agriculture  and  Qeology,  402. 
Alabaster,  defined,  02. 
Alum  and  alum  shales,  224. 
Amblypterus,  carb.  fish,  figured,  211. 
Amianthus,  or  asbestos,  uses  of,  146. 
Amorphous,  definition  of,  73. 
Amphitheriuni,  oolitic  mammal,  figured, 

282. 
Amygdaloids,  and  amygdaloidal  traps. 


121. 


Animal  growth,  as  a  vegetable  agent, 

58. 
Animal,  or  zoological  scheme,  165. 
Animals,  classes  and  orders  of,  165,  166. 
Ansted,  on  rock  scenery,  404. 
Anthracite,  defined,  92. 
Anticline,  or  saddle-back,  75. 
Apatite,    or   crystallised   phosphate   of 

lime,  117. 
Aqueous  sondes,  effects  of,  40-55. 
Arcliajgosaurus,  carbonif.  reptile,  flguro<l, 

215. 
Archicopteryx  macrurus,  figured,  282. 
Architecture  and  Geology,  401. 
Arenaceous  or  fragmental   rocks,  i>age 

106. 
Argillaceous  or  clayey  rocks,  page  loi. 
Asbestos,  or  amianthus,  uses  of,  146. 
Asphalt,  occurrence  of,  367. 
Asphalt,  uses  of,  383. 
Asterophyllites,  carbonif.  plant,  figured, 

220. 

Atmosphere,  composition  of,  20. 
Atmosphere,  height  and  weight  of,  20,  21. 
Atmospheric  agencies,  44-48. 
Atmospheric  relations  of  the  earth,  20, 

21. 
Atoll,  or  circular  coral-reef,  369. 
Augite  and  its  compounds,  92. 

f1  Avalanches,  effects  of,  46. 
/  Avicula  coutorta,  figured,  2j(6. 
/  Azoic,  or  hyi>ozoic  period,  104. 


Baoshot  Sands,  317. 

Baker,  on  the  Sudd  of  the  Nile,  57. 

Band  and  layer,  defined,  85. 

Basalts  and  greenstones,  varieties  of,  121 

Basins,  tertmry,  324. 

Bathymetrical  zones,  or  zones  of  depth, 

68. 
Beaches,  raised,  or  ancient  sea-levels,  67. 
Beaches,  raised  or  ancient,  361. 
Bellerophou  Argo,  figured,  180. 
Berg-mahl,  or  mountain-meal,  372. 
Bitumen,  defined,  92. 
Block,  defined,  92. 
Bognor  beds,  317. 
Bombs,  volcanic,  126. 
Boreal  shells,  figured,  336. 
Botanical  arnmgements,  163. 
Bothrodendron,  carbonif.  tree,  figiired, 

220. 
Boulder,  defined,  92. 
Boulder-clay  group,  332-342. 
Boulders,  size  of,  323. 
Bovey  coal,  or  lignite,  328. 
Bowerbank,  on  sponge-growth,  311. 
Breccias,  defined,  92. 
Breccias,  and  brecciated,  defined,  88. 
Breccias,  ossiferous,  330. 
Bristow's  '  Glossary  of  Mineralogy,'  96. 
Brdckram,  or  crab-rock,  235. 
Bronze  age,  the,  374. 
Building  and  Geology,  401. 
Bunter  Sandstein,  or  lower  trias,  247. 
Burrhstone,  tertiary  rock,  328. 

Cabinet,  how  to  form,  412. 

Caen  stone,  a  French  oolite,  289. 

Cainozoic  period,  X04. 

Calamites,  carbonif.  plant,  figured,  22a 

Calc-tuff,  and  calc-sinter,  denned,  92. 

Calc-sinter,  formation  of,  363. 

Calc-tuff,  formation  ol  363. 

Calcareous  or  limy  rocks,  page  102. 

Calciferous  sandstones,  described,  210- 
212. 

Cambrian  rocks,  distribution  of,  178. 

Cambrian  system,   palteontological   as- 
pects, 180. 

Cambrian  syatftm,  v^-^^vcs^  ^A\ftK\j*.  vA, 
179. 
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Camhrian  system,  industrial  products, 

i8i. 
<.'niii)>rian  systein  of  Sed^rwick,  177. 
( 'aiiil>rixui  Mysteiii,  desc^ribed,  177-183. 
CniKMii,  lofc,  in  lake  dejtosits,  355. 
< 'iirUtiiAceous   and    bituminous    rocks, 

jiap"  103. 
(*arliouifi'nms  districts,  physical  aspects 

of,  322. 

CarlMinifcroiui  flora  and  founa,  326. 

Carlionifen>uji  limestone,  as  a  group,  2x3. 

C-irlMinifcnius  system,  describmi,  309-233. 

(X'lrlioniffnius  system,  industrial  pro- 
ducts, 224. 

CarlK>niferous  system,  igneous  rocks  o^ 
223. 

Carlmniferoua  vegetation,  restored  forms, 
251. 

Caulopterls,  carboniferous  stem,  figured, 

230. 

Caverns,  ossiferous,  530,  331. 

Caverns,  most  remarkable,  343. 

Centroclinal,  in  stratiflcation,  75. 

Cephalaspis,  Old  Red  flsh,  figui«d,  203. 

Cejihalopods  of  the  cJialk,  figured,  303. 

Ce|ihalo{)ods,  oolitic,  figured,  380. 

Cerutiocaris,  Silurian  crustacean,  figured, 
190. 

Clialk,  Forlies's  aiialysis  ot  310. 

Chalk,  defined,  93. 

Clialk  districts,  scenery  of,  304. 

Chalk  fonnation,  descril)ed,  376-313. 

C^alk,  fonnation  and  origin  01,  310. 

Chalk  sysU>m,  distrilmtion  o^  307. 

Chalk  system,  lithology  of,  397. 

Clialk  system,  products  of,  308. 

Clialk  system,  subdivisions  of,  307-399. 

Chemical  action  of  the  atmospiiere  on 
rocks,  47. 

Chemicid  agencies,  geological  effects,  60- 
63. 

Cliemical  composition  of  rocks,  90. 

Clirmical  deposits,  modem,  363-366. 

Chemical  solution,  and  mechanical  8ns- 
pension,  ^5. 

Chert,  definition  of,  page  103. 

Chesil  Bank,  the,  360. 

Chlorite  and  its  compounds,  92. 

Chronology  of  rock-fonnations,  how  de- 
termini,  98. 

Civil-engineering  and  Geology,  400. 

Clay,  defined,  93. 

Clay-slate  group,  described,  147,  148. 

Clay-slate,  uses  of,  15a 

Claystone,  defined,  92. 

Claystonos,  and  claystone  i)orphyries, 
121. 

Cleavage,  structure  in  clay-slate,  148. 

Cleveland  iron  ore,  289. 

ClimatiuH,  Old  Red  flsh,  figured,  203. 

Clinkstones  or  phonolites,  121. 

Clinometer,  use  of,  79,  408. 

Clyde  valley,  boreal  shells  of,  336. 

Coal,  and  its  varieties,  92. 

Coal,  theories  of  formation,  228. 
Coal  of  cretaceous  evoch,  308. 
Coal-measures,  indwstnaV  pTod.\xo\a  0I, 

224. 


Coal-measures,  lithology  of,  217. 

Coal,  varieties  o^  in  carbonifintms  sys- 
tem, 217. 

Coal-fields,  of  various  ejMchs,  322. 

Coal-fields,  oolitic,  289. 

Coan,  Rev.  T.,   his  description  of  Mt 
Loa,  X37. 

Coccosteus,  Old  Red  fish,  figured,  903. 

Cold,  general  geological  influence  o(  45. 

Columnar  structure,  defined,  87. 

Concretionaiy  structure,  defined,  87. 

Conglomerates,  defined,  92. 

Conglomerates,  and  conglomeratic,  de> 
fined,  88. 

Contemporary  deposits,  table  of,  385. 

Coprolitic  deposits  of  chalk,  308. 

Coral,  and  coral-reefs,  369. 

Coral,  and  coral-reeCs,  growth  of^  59. 

Coral-reefs,  varieties  o^  369. 

Corals,  carboniferous,  figured,  215. 

Corals,  Silurian,  figured,  190. 

Corals,  tertiary,  figured,  321. 

Coral  zone,  its  extent,  68. 

Coralline  zone,  its  extent,  68. 

Cotta's  '  Rocks  Classified  and  Described,' 
96. 

Crag  and  tail,  appearance  of,  324. 

Crag  of  Norfolk  and  Suffolk,  317. 

Crannoges,  lacustrine,  355. 

Craters  of  eruption  and  elevation,  135. 

Cretaceous  fauna,  302. 

Cretaceous  system,  described,  296-312; 
palseontology  of,  301. 

Crinoidea,  of  mountain  limestone,  215. 

Crioceras,  chalk  cephalopod,  figured,  303. 

Crust  of  the  globe,  definition  of,  13 ;  esti- 
mated thickness  of,  25. 

Crust  motions,  evidences  of,  67. 

Crustacea  of  carboniferous  system,  315. 

Crystalline,  and  sub-crystalline,  defined, 
88. 

Ctenoid  order  of  fishes,  167. 

Current  lamination,  defined,  85. 

Cycloclinal,  in  stratification,  75. 

Cycloid  order  of  fishes,  167. 

Gystideans,  Silurian  echinoderms,  196. 

Dana's  'System  of  Mineralogy,'  96. 
Dai-win,  marine  terraces  of  S.  America, 

377. 
Daubeny's  'Treatise  on  Volcanoes,'  137. 
Dawson's  'Dawn  of  Life,*  176. 
Dawson  on  Laurentian  life,  quoted,  174. 
Debris,  definition  of,  72. 
Deinotherium,  tertiary  mammal,  figured, 

323- 
De  la  Heche's  '  Geological  Observer,'  82. 
Deltas  and  deltic  deposits,  54. 
Density  of  the  globe,  24,  25. 
Development  of  life,  396. 
Devonian  system,  described,  196-208. 
Devonian  proper,  lithology  of,  197. 
Devonian,  flora  and  fauna,  305. 
Dictyonema  retiformis,  figured,  183. 
Dinoceras,  tertiary  mammal,  figured,  333. 
Dinomis,  extinct  bird,  figured,  349. 
"OvatS\«»  OT  \\»mblendic  traps,  1  lo. 
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Diplacanthus,  Old  Red  fish,  figured,  20^. 
Diprotodon,  tertiary  mainmal,  flgored, 

323. 
Disrupting  igneous  rocks,  77. 
Distribution  of  land  aud  water,  33,  34. 
Dodo,  extinct  bird,  figured,  349. 
Dolerites,  or  augitic  traps,  zxq. 
Dolomite,  defined,  92. 
Dorypterus,  permian  fish,  figured,  242. 
Downs,  the  chalk  of  Englaud,  304. 
Drift  bedding,  defined,  85. 
Drift  sand  as  an  abrader,  44. 
Dromatheiium  jaw,  figured,  254. 
Dura  Den,  yellow  sandstone  of,  198. 
Dyas,  or  permian  system,  274. 
Dyke,  defined,  78. 
Dykes,  hard  and  soft,  78. 

Earth,  the,  its  figure  and  dimensions, 

22,  23. 
Earthquake  intensity,  scale  of,  136. 
Earthquake  upheavals,  377,  378. 
Earthquakes,  their  nature  and  results, 

66,  67. 
Earth's  crust,  composition  of,  3. 
Echinoderms  of  the  chalk,  figured,  302. 
Echinoderms,  tertiary,  figured,  321. 
Economic  aspects  of  Geology,  398-4x6. 
Elevation,  effects  of,  on  climate,  32. 
Encrinital  limestone,  slab  of,  figured, 

232. 
Encrinites  of  carbom'ferous  limestone, 

215- 

Engineering  and  Geology,  40a 

Eocene,  definition  of  the  term,  3x5. 

Eolian  or  sub-aerial  formations,  44. 

Eozoon  Canadense,  figured,  X73,  176. 

Equivalent  deposits,  table  of,  385. 

Escarpment,  defined,  76. 

Eskars  or  dsars,  324. 

Estuarine  accumulations,  34^. 

Eurypterites,  various  silunan,  figured, 
190. 

Eurypterus  of  carboniferous  system,  fig- 
ured, 215. 

Eurypterus,  Old  Red  Crustacea,  figured, 
207. 

False  bedded,  defined,  85. 
Faults,  in  stratification,  78. 
Faults,  step,  trough,  reversed,  and  dyke, 

78. 
Fauna  of  the  tertiary,  321. 
Felspar,  defined,  92. 
Felstone  and  felstone  porphyry,  X2x. 
Fenestella,  i)ermian  polyzoon,  figured, 

246. 
Ferus,   various   carboniferous,   figured, 

220. 
Fire-clay,  defined,  92. 
Fishes  of  the  chalk,  figured,  303. 
Fishes  of  the  Jurassic,  281. 
Fissile  structure,  defined,  86. 
Fissure,  defined,  78. 
Flags  and  Flagstones,  defined,  86. 
Flint  implements,  various,  figured,  374. 
Flints,  formation  of,  310. 
Flora  of  the  tertiary,  320. 


Fluviatile  accumulations,  recent,  345, 346. 

Fluvio-marine  accumulations,  347. 

Foliation,  and  foliated  structiure,  86. 

Foraminifera  of  the  chalk,  figured,  302. 

Foraminiferal  de^posits,  372. 

Forests,  submarme,  362. 

Fossil  remains,  interpretation  of,  7. 

Fossils,  in  what  conditions  found,  i6a 

Fracture  in  Hineral(^,  de^ed,  89a. 

Frost  as  a  geological  agent,  45. 

Fucoid  firom  Ola  Red  sandstone,  figured 

202. 
Fucoids,  Silurian,  figured,  x8o. 
Fuller's  earth  or  clay,  defined,  92. 

Gannister,  silicious  rock  of  coal  forma- 
tion, 224. 

Ganoid  order  of  fishes,  167. 

Gault  or  Golt  of  chalk  formation,  300. 

General  review  of  the  science,  386. 

Geodes  in  trap-rocks^  124. 

Geological  classification,  progress  of,  100. 

Geological  inquiry,  present  state  of;  391. 

Geology  as  a  branch  of  education,  405. 

Gteology,  its  relation  to  other  sciences,  i. 

Geology,  its  various  subdivisions,  X4,  15. 

Geology,  practical^  its  importance,  xi. 

Geology,  special  aun  aud  object  of,  2. 

Geology,  study  of,  difficulties,  4x3. 

Geology,  study  of,  incentives  to,  413. 

Geology,  theoretical,  its  objects,  8-xa 

Geysers,  or  hot  springs,  364. 

Glacial  action,  in  permian  system,  239. 

Glacial  deposits,  337. 

Glacial  dnft,  332-342. 

Glacial  period,  theories  of,  342. 

Glacial  and  warmer  cycles,  396. 

Glaciers,  origin  and  action  of,  46. 

Glyptodon,  tertiary  mammal,  figiu^d, 
322. 

Glyptolsemus,  Old  Red  fish,  figured,  203. 

Gneiss  and  gueissic  rocks,  X4i-x43. 

Granular  textiu«,  defined,  88. 

Granite,   geographical   distribution   of, 

"5- 
Granite,  principal  uses  of,  X17. 

Granite,  varieties  of,  xix. 

Granitic  districts,  scenery  of,  xi6. 

Granitic  group,  X05. 

Granitic  rocks,  industrial  productA  of, 

1x7. 

Granitic  rocks,  lithol^gy  of,  1X0-XX4. 

Granitic  rocks,  the,  described,  XX0-XX7. 

Granitoid  and  granitiform,  zza 

Graphite,  defined,  92. 

Graphite,  or  plumlJago,  uses  of,  X46. 

Graphite,  uses  of,  146. 

Graptolites,  various,  figured,  X9a 

Gravel,  defined,  92. 

Gravels,  hi^  and  low  level,  ^46. 

Gravels,  metalliferous,  in  valleys,  346. 

Greensand  of  chalk  formation,  300. 

Greenstones  and  basalts,  varieties  of 

X2X. 

Greywacke,  or  transition  rocks,  182. 

Grit,  defined,  92. 

Guano,  accumulations  of^  -v\'>k> 
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IIamites  attenuatus,  figured,  303. 

Ilainniem,  various,  408. 

IlanlnuM,  Hoh'ti  scale  o(  89a. 

Heat  of  earth's  interior,  38. 

Hehert,  divisions  of  the  chalk,  309. 

HetertK'ercal  tall  of  flshes,  167. 

High-level  gravels,  346. 

Historic  period,  38a. 

Hitchcock's '  Ichnolugy  of  New  England,* 

267. 
Holuptychius,  Old  Red  fish,  figured,  303. 
Homoivrcal  tail  of  fishes,  167. 
Hornblende  and  its  compounds,  93. 
Hull's  '  Coal-fields  of  Great  Britain,'  333. 
Uunum  remains  in  recent  deposits,  347. 
Hunt's  'Geological  and  Chemical  Essays,* 

«55. 
Hunt  on  Metamonihism,  154. 

Huttoniaiu  or  Vulcanists,  loa 

Hydraulic  limestone  of  lias,  389. 

Hymenocaris  venhicauda,  figured,  i8a 

Hypogene,  meaning  of  the  term,  138. 

HyiK)zoic,  meaning  of  the  term,  139. 

IcBBEBOB,  orinn  and  nature  of,  46. 

Ice.  general  effects  of,  45,  46. 

Icoumd,  volcanic  eijections,  379. 

lce*i>eriod,  described,  332-342. 

Ichnites  or  fossil  footpiints,  353. 

Ichnology  as  a  science,  253. 

Ichthyodorulites,  figured,  215. 

Ichthyomis,  tooth^  bini  of  the  chalk, 
llgured,  303. 

Ichthyosaurus  communis,  figured,  381. 

Igneous  accumulations,  modem,  376. 

Igneous  agency,  effects  of,  63-68. 

Igneous  rocks,  described,  124-137. 

Igneous  or  pyrogenous  rocks,  page  105. 

Igneous  or  unstnitified  groups,  105. 

Indusial  limestone  of  Auvergne,  319. 

Inlier  in  stratification,  76. 

Insects  of  carboniferous  system,  3x9. 

Insects,  oolitic,  figured,  280. 

Internal  heat  of  earth,  descending  in- 
crease, 3a 

Interstraufied  igneous  rocks,  77. 

Intrusive  igneous  rocks,  77. 

Irish  deer,  gigantic,  figured,  355. 

Iron  age,  the,  374. 

Ironstone,  carboniferous,  224;  oolitic,  389. 

Isle  of  Wight,  tertiary  beds  of,  317. 

Jardine's  *  Ichnology  of  Annandale,'  267. 
Joints  and  jointed  structure,  defined,  85. 
Jukes's  •  Physical  Geology,'  82. 
Jungle-growth,  effects  of,  57. 
Jurassic  flora,  279. 
Jtuussic  or  ooliuc  fkuna,  280. 
Jurassic  system,  described,  368-295. 
Jurassic  system,  distribution  of,  386. 
Jurassic  system,  palsBontology  of,  279- 

283. 
Jurassic  system,  products  of,  389. 

Kaimes,  or  eskars,  334. 
Kaolin,  whence  derived,  117. 
Keller  on  lake-dweUlnga,  335. 
Keuper,  or  upper  trVaa,  im- 


Kimmeridge  clay  or  shale,  389. 
Kmg's    'Monograph    of  Penman  Fos- 
sils,' 346. 
Knorria,  carboniferous  stem,  fignred ,  3aa 

Labrador  series,  172. 

Labyrinthodon,  figured,  253. 

Lacustrine  and  lake  deposits,  352,  353. 

Lake-dwellings,  355. 

Lake  or  lacustrine  deposits,  352. 

Laminarian  zone,  its  extent,  68. 

Landscape-gardening  and  Geology,  404. 

Land-valuanon  and  Geology,  403. 

Lapilli,  volcanic,  126. 

Laurentian  system,  described,  17X-X76. 

Laurentian  system,  lithol(%y  of,  Z72. 

Lava,  defined,  136. 

Law,  universality  of,  70. 

Ijetk'B  'Fossil  Footmarks,*  267. 

Lepidodendron,  carboniferous  tree,  fig- 
ured, 219. 

Lias  or  Liassic  group,  272. 

Lias,  subdivisions  of,  273. 

Life,  evolution  of,  396. 

Life,  origin  of,  396. 

Life-periods  of  modem  geologists,  104. 

Life-systems  of  modem  geologists,  xoo. 

Lignite,  or  brown  coal,  defined,  92. 

Lignites  of  Bovey  Tracey,  328. 

Limestone,  defined,  p2. 

Limuloides,  carboniferous  crustacean, 
figured,  2x5. 

Lingula  attenuata,  figured,  xgo. 

Lingula  flags,  177. 

Lithology,  defined,  15. 

Littoral  conglomerate,  37  x. 

Littoral  or  shore-formed  concrete,  6x. 

Littoral  zone,  its  extent,  68. 

Lituites  comu-arietis,  figured,  190. 

Lode,  defined,  78. 

Loess  or  lehm  of  the  Rhine,  350. 

London  clay,  317. 

London  (Geological  Society,  founded,  xoi. 

Lower  coal-measures,  described,  2x0- 
212. 

Low-level  gravels,  346. 

Maclurea  Logani,  figured,  X90. 

Macrocheilus,  Devonian  mollusc,  figur- 
ed, 307. 

Magnesian  limestone,  defined,  92. 

Magnesian  limestone,  lithology  of,  235. 

Magnesian  limestone,  origin  of^  245. 

Mammals,  oolitic,  figured,  282. 

Mammoth  and  mastodon,  figured,  page 
47a 

Mammoth,  post-tertiary  mammal,  figur- 
ed, 34S. 

Mammothean  penod,  382. 

Man,  antiquity  o^  396. 

Mantellia  nidiformis,  figured,  270. 

Maps,  geological,  409. 

Marble,  defined,  93. 

Marine  deposits,  modem,  356-362. 

Marine  silt,  modem,  358. 

Marl,  clay,  354. 
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Marl,  shell  and  clay,  defined,  93. 

Mastodon  and  mammoth,  figaied,  page 
47a 

Mastodon,  tertiary  mammal,  figured,  322. 

Mauna  Loa,  eraption  of,  379. 

Mechanical  suspension  and  chemical  sol- 
ution, 55. 

Medanos,  or  Peruvian  sand-dunes,  359. 

Megatherium,  tertiary  mammal,  figu^^, 

322. 

Mesozoic  period,  zo6. 

Mesozoic  and  Paleozoic  contrasted,  269. 

Miocene,  definition  of  the  term,  3x5. 

Metals,  native,  and  ores  of,  93. 

Metamorphicoistricts,  their  scenery,  145. 

Metamorphic  rocks,  described,  138-155. 

Metamorphic  rocks,  list  of,  142. 

Metamorphic  rocks,  tiieir  distribution, 
144. 

Metamoiphic  rocks,  their  industrial  pro- 
ducts, 146. 

Metamorphlsm,  theories  of,  152. 

Mica  and  its  compounds,  02. 

Microzoal  and  microphytal  earths,  58. 

Millstone  Orit,  as  a  group,  217. 

Mineral  composition  of  rocks,  89. 

Minerals,  physical  properties  of,  89a. 

Mining  and  Geology,  399. 

Mississippi,  delta  of,  35a 

Molluscs,  oolitic,  figured,  280. 

MoUuscs  of  tertiary,  figured,  321. 

Monoclinal,  in  stratification,  75. 

Moraines  of  ice  epoch,  335. 

Moraines,  terminal  and  lateral,  46. 

Mososaurus,  chalk  reptile,  figured,  303. 

Mountain  limestone,  as  a  group,  2x3. 

Moya,  or  volcanic  mud,  126. 

Mud,  defined,  92. 

Mudstone,  defined,  92. 

Mull,  leaf-beds  of,  317. 

Murchison's  '  Silurian  System,*  195. 

Murchisonia  gracilis,  190. 

Muschelkalk,  or  middle  trias,  247. 

Mussel-bands  or  mussel-binds,  219. 

Natron,  deposits  of,  365. 

Natural  History,  range  of,  x. 

Neocomian  group,  299. 

Neolithic  age,  the,  374. 

Neptunian  and  Plutonic  rocks,  73. 

Neptunists,  school  of,  loa 

New  Bed  Sandstone,  its  grouping,  234. 

Nicol's  'Manual  of  Mineralogy,'  96. 

Nipadites  cordiformis,  figured,  320. 

Nummulites  laevigata,  figured,  319. 

Nummulitic  limestone,  319. 

Obliqxte  lamination,  defined,  85. 
Obsidian,  its  uses,  129. 
Obsidian,  or  volcanic  glass,  126. 
Ocean,  constitution  of,  35. 
Ocean,  pressure  of  its  waters,  37. 
Ocean,  temperature  of,  36. 
Ocean-currents,  as  geological  agents,  52. 
Ochre  from  coal-measures,  224. 
Oldhamia  retiformis  and  antiqua,   fig- 
ured, 180-190. 
Old  Red,  flora  and  fauna,  205. 


Old  Red  Sandstone  and  Devonian,  pro- 
ducts of,  204. 

Old  Red  Sandstoue,  distribution  of,  199. 

Old  Bed  Sandstone,  fkuna  of,  203. 

Old  Red  Sandstone,  paleontology  of, 
202. 

Old  Red  Sandstone,  scenery  of^  201. 

Old  Red  Sandstone  proper,  lithology  of, 
X07. 

Ola  Red  Sandstone  system,  described, 
X96-208. 

Ooute,  as  a  group,  275. 

Oolite,  orroestone,  274. 

Oolite,  subdivisions  o^  276. 

Oolitic  districts,  scenery  of,  284. 

Oolitic  or  Jurassic  system,  269-295. 

Oolitic  period,  physical  conditions  of, 
287. 

Oolitic  system,  lithology  of,  271. 

Oolitic  system,  products  of,  289. 

Oolitic  texture,  defined,  88. 

Oolitic  vegetation,  restored,  295. 

Ooze  of  the  Atlantic,  analysis  of,  310. 

Ooze  of  the  North  Atlantic,  357. 

Organic  accumulations,  modem,  367-375. 

Organic  agencies,  their  effects,  56-59. 

Omlthichnites,  bird-footprints,  253. 

Orthoceras  annulatum,  figured,  190. 

Ossiferous  caverns,  330-331. 

Ossiferous  gravels,  330. 

Osteolepis,  Old  Red  lish,  figured,  203. 

Outcrop,  in  stratification,  74. 

Outlier,  in  stratification,  76. 

Overlap,  in  stratification,  75. 

Overlying  igneous  rocks,  77. 

Owen,  on  extinction  of  races,  396. 

Oxford  clay,  276. 

Paleolithic  age,  the,  374. 
Faleeoniscus,  carb.  fish,  figured,  2x1. 
Falseontology,  defined,  15. 
Paleontology,  science  of  fossils,  156-170. 
Palaeozoic  period,  104. 
Palagonite,  or  palagonite-tuff,  126. 
Parka    decipiens,    crustacean    spawn, 

.  figured,  203. 
Pearlstone,  a  volcanic  rock,  X26. 
Peat,  formation  of,  367. 
Peat,  uses  of,  383. 
Feat,  varieties  ol^  367. 
Peat-moss,  growtii  of,  57. 
Penarth  beds,  described,  255. 
Pentamerus  Enightii,  figured,  X90. 
Perched  blocks,  323. 
Permian,  igneous  rocks  associated  with, 

239- 
Permian  districts,  physical  aspects  of, 

338. 
Permian  &una,  243. 
Permian  fiora,  24X. 
Permian  system,  described,  333-246. 
Permian  system,  industrial   products, 

243. 
Petralogy,  defined,  15. 
PetrifEiction,  how  produced,  7. 
Petrifkction,  processes  and  GondLtiL<v&&<k 

157- 


534 


INDSX. 


Pfohlbauten  of  Switzerland,  355. 
Phaneropleuron,  Old  Red  fish,  figured, 

ao3. 
Phascolotherinni,  oolitic  mftminal,  figur> 

ed.  383. 
Phillips's  '  Geology  of  Oxford/  395. 
Phillips  on  Magnesian  Limestone,  345. 
Phillips  on  Metamorphlsm,  154. 
Fhillipsastnea,  devonian  coral,  figured, 

303. 
Phosphatic  nodules  of  chalk,  308. 
Pile-dwellings,  955. 
Fitchstones  andf  pitchstone  porphyries, 

131. 

Placoid  order  of  fishes,  167. 
Plagiaulax,  oolitic  mammal,  floured,  283. 
Planetary  relations  of  the  earth,  z8,  19. 
Plants,  c-lasses  and  orders  of^  163,  164. 
Pleistocene  grout),  described,  339. 
Plesiusaurus  doUchodoirus,  figured,  382. 
Pliocene,  definition  of  the  term,  315. 
Plumbago,  or  graphite,  uses  of,  146. 
Plutonic  and  Neptunian  rocks,  73. 
Portland  stone  of  oolite,  389. 
Positions  of  rocks,  stratified  and  onstrati- 

flod,  74-8a 
Potft-Glacial  deiKwits,  337. 
Post-Tertiary  or  Recent  system,  344-384. 
Post-Tertiary,  products  oi^  383. 
Potstone,  or  steatite,  uses  o^  146. 
Practical  or  Industrial  Geology,  xi,  X3. 
Pre-Glaclal  deposits,  337. 
Prehistoric  period,  383. 
Primary  rocks,  earlv  meaning  of,  xoa 
Procedure  in  the  field.  407. 
Productus,  carb.  mollusc,  figured,  315. 
Progression,  law  of,  396. 
Pterichthys,  Old  Red  fish,  figured,  203. 
Pterodactyle  brevirostris,  figured,  281. 
Pterygotus,  Old  Red  crustacean,  figured, 

303. 
Pterygotus,  Silurian  crustacean,  figured, 

190. 
Pumice,  or  lava-scum,  X36. 
Pumice,  its  uses,  139. 
Puozzolana,  its  uses,  139. 
Pygidium  of  trllobite,  190. 
Pyrocrystalline  and  pyroplastic,  X14. 
Pyrogenous  or  igneous  rocks,  page  105. 

QuAQUAVERSAL,  in  stratification,  75. 
Quartzite,  definition  of,  page  102. 
Quartzite,  or  quartz-rocl^  uses  of,  146. 

Rain,  as  a  geological  agent,  49. 
Ramsay  on  permian  ice-epoch,  339. 
Recent  accumulations,  arrangement  0^ 

344- 

Reconstruction  and  waste  of  the  earth, 
6. 

Reefs,  coral,  various  kinds  of,  369. 

Reptiles,  carboniferous,  310. 

Reptiles  of  the  lias,  and  oolite,  281. 

Reptiles  of  triassic  era,  353. 

Reptiles,  oolitic,  restored  form  of,  295. 

Rhsstic  beds,  de8CTl\)ed.,  3$$. 
Bhizodus,  carbonifexoua  fta\v,^gvxxe,^,  -iw. 
Bhjmconella  ventarlcoaa,  ftsxMwA,  xgo. 


Rivers,  as  geological  a^nts,  50. 
River-terraces,  formation  o^  346. 
Roches  moutonn^es,  334. 
Rock,  definition  of  the  word,  70. 
Rock-salt  of  Cheshire,  361. 
Rock-salt,  origin  of,  364. 
Rocks,  classification  of,  93. 
Rocks,  stratified  and  unstratified,  3. 
Roestone,  or  oolite,  374. 
Rottenstone,  its  production,  3x4. 
Rubble,  defined,  93. 

Saochaboid  texture,  defined,  88. 

Salinas,  formation  of,  365. 

Salinas  of  South  America,  63. 

Saline,  or  salt-like  rocks,  page  X03. 

Saline  deposits,  nature  o^  63. 

Sand,  defined,  03. 

Sand-drift,  or  dunes,  359. 

Sand-drift  and  sand-dunes,  formation  ot, 

44- 
SandstouBf  defined,  93. 

Sauruichmtes,  saurian  footprints,  353. 

Scaphites  »qualis,  figured,  303. 

Schists  and  schistose  structure,  86. 

Scolithus,  or  worm-burrows,  figiued,  x8a 

Scorise,  or  volcanic  cinders,  X26. 

Scotch  pebbles,  whence  derived,  X34. 

Scrope  on  Volcanoes,  137. 

Seal  firom  brick-clay,  figured,  336. 

Seam  or  line  of  bedding,  defined,  85. 

Secondary  Rocks,  earl^  meaning  o^  loa 

Section,  mode  of  running  a,  70. 

Sections,  natural  and  artificial  74. 

Sedgwick  on  Metamorphiean,  154. 

Sediment  and  sedimentary  matter,  53. 

Sedimentary  or  stratified  ro<dc,  73. 

Septaria  of  chalk,  308. 

Seraphim  of  Old  Red  Sandstone,  303. 

Serpentine,  defined,  93. 

Serpentine,  uses  of,  X46. 

Shale,  defined,  93. 

Shales  and  shaly  structure,  defined,  86. 

Shapfell,  porphyritic  granite  of,  nx. 

Sharks'  teeth,  tertiary,  figured,  333. 

Shingle-beaches,  360. 

Shingle^  defined,  ^3. 

Sigillana,  carboniferous    stem,  figured, 

310. 

Silicious  or  flinty  rocks,  page  xo3. 

Silicious  sinter,  formation  of,  61,  363. 

Silt^  defined,  93. 

Silurian  system,  described,  Z84-X95. 

Silurian  system,  distribution  of,  187. 

Silurian  system,  industrial  products  0^ 
X9X. 

Silurian'system,  lithology  o^  X85,  186. 

Silurian  pystem,  palaeontology  oi,  189. 

Silurian  system,  scenery  of,  X87. 

Simple  minerals  and  their  rock  com- 
pounds, page  X04. 

Slate,  defined,  93. 

Slates  and  slaty  structure,  86. 

Slimonia,  Silurian    crustacean,    figured, 

€>vsL\.th,  the  father  of  English  Geology, 
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Sol&taraB,  or  sulphur-springs,  126. 

Sombrero  guano,  373, 

Specific  gravities,  table  of,  89a. 

Si)ecimen8,  collection  of,  4x2. 

Shell-beds  and  shell-marls,  58. 

Shell-beds,  growth  of,  371. 

Spherical  structure,  de&ied,  87. 

Spirifera  plicatella,  figured,  190. 

Sponges  of  the  chaJk,  figured,  302. 

Springs,  hot,  36^. 

Springs,  mineral,  as  geological  agents, 

51. 
Stacks  and  needles,  figured,  52. 

Stalactites  and  stalagmites,  formation  o^ 

61. 
Stalagmites  and  stalactites,  formation  of, 

363. 
Star-fishes,  various  sUurian,  figured,  190. 
Stassfurt,  saline  deposits  at,  266. 
Steatite  or  potstone,  uses  of,  146. 
Steno's  classification  of  strata,  zoa 
Stigmaria,  root  of  sigiUaria,  figured,  219. 
Stinkstones,  or  swinestones,  214. 
Stone  age,  tiie,  374. 
Stratiform,  how  applied,  73. 
Streams,  as  geological  agents,  50. 
,  Strike,  in  stratification,  74. 
Strophomena  depressa,  figured,  19a 
Structure  of  rocks,  84-86. 
Stylonurus,  Old  Red  crustacean,  figured, 

203. 
Submarine  forests,  362. 
Sudd  of  the  Nile,  368. 
Sudd,  vegetable  growth  of  the  Nile,  57. 
Sulphur,  its  uses,  129. 
Surface  configuration  of  the  globe,  31, 32. 
Surveying,  geological,  410. 
Swamp-growth,  eflTects  of,  57. 
Symbols,  geological,  41a 
Syncline,  trough,  or  basin,  75. 
Systematic  arrangements,  393. 

Tabular  arrangement  of  rock  systems, 

123. 
Tabular  or  cuboidal  structure,  87. 
Tale  and  its  compounds,  92. 
Talus,  defined,  45. 
Teeth  of  mastodon  and  mammoth,  fig. 

ured,  345. 
Teeth,  various,  figured,  page  249, 344, 369. 
Telerpeton  Elginense,  figured,  252. 
Temperature  of  the  eartJi,  superficial  and 

internal,  26-30. 
Terraces,  marine,  377, 
Terraces   on   the  Connecticut,  figured. 

Terraces,  nver,  346. 

Tertiaries,  British  and  Foreign,  339. 

Tertiary  districts,  physical  aspects  of, 

„324- 

Tertiary  system,  described,  313. 
Tertiary  system,  lithology  of,  317. 
Tertiary  system,  palsBontoloj^  or,  32a 
Tertiary  system,  products  of,  328. 
Tertiary  system,  subdivisions  of,  313. 
Tetrapodichnites,  four-footed  impnnts. 

Texture  of  rocks,  88. 


Theoretical  deductions,  396. 
Theoretical  or  Descriptive  Geology,  9. 
Thomson's  '  Depths  of  the  Sea,'  3x2. 
Thomson,  Sir  Wyville,  on  AtUmtic  Ooze, 

372- 

Tides,  as  geological  agents,  52. 

Tilestones  or  passage  beds,  Z9a 

Tilt-up  in  stratification,  74. 

Time,  geological  estimates  of,  396. 

Trachytes  or  greystones,  X2i. 

Transition  or  greywacke  rocks,  182. 

Trappean  districts,  their  scenery,  123. 

Trappean  group,  105. 

Trappean  rocks,  described,  x  18-124. 

Trap-rocks,  their  geographical  distribu- 
tion, 122. 

Trap-rocks,  their  industrial  products, 
124. 

Trass,  volcanic  product,  its  uses,  129. 

Travertine,  formation  01^  363. 

Trias,  igneous  rocks  associated  witli, 
258. 

Trias,  lithology  of,  247-249. 

Trias,  palsBontology  of,  250. 

Triassic  districts,  physical  nspects  of, 

257- 
Triassic  fauna,  figured,  252. 

Triassic  fiora,  figured,  251. 

Triassic  system,  described,  247-267. 

Triassic  system,  grouping  of,  248. 

Triassic  system,  industrial  products,  261. 

Triconodon,  oolitic  mammal,  figured,  282. 

Trilobites,  Devonian,  figured,  203. 

Trilobites,  various  silumn,  figured,  190. 

Trough  or  basin,  75. 

Tufas,  volcanic,  126. 

TurriUtes  catenatus,  figured,  303. 

Tweedian  beds,  described,  210. 

Ullah  Bund,  upheaval  of,  377. 
Ulodendron,  carboniferous  stem,  figured, 

220. 
Unconformability,  in  stratification,  75. 
Uniformity  of  natural  operations,  387. 
Unstratified  or  igneous  rocks,  73. 

Valleys  of  erosion,  nature  of,  53. 
Vegetable  or  botanical  scheme,  163. 
Vegetable  growth,  as  a  geological  agent, 

57- 
Vein,  defined,  78. 
Vesicular  or  ceUnlar  texture,  defined, 

88. 
Volcanic,  as  distinct  firom  Plutonic,  1x4. 
Volcanic  accumulations,  modem,  376. 
Volcanic  action,  theories  of,  133-X35. 
Volcanic  agency,  or  Vulcanism,  63-68. 
Volcanic  distribution,  map  of,  page  145. 
Volcanic  districts,  their  scenery,  X28. 
Volcanic  group,  105. 
Volcanic  intensity,  scale  of,  136. 
Volcanic  products,  their  industrial  uses, 

129. 
Volcanic  products,  varieties  of,  126. 
Volcanic  rocks,  described,  X25-137. 
Volcano,  Lyell's  definition  of,  126. 
Volcanoes,  geo^wgiVvvcaN.  ^^'^bc^cfc^j^ssa.  'A^ 

128. 
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Volcanoes,  their  nfttnre  and  resulta,  64, 

65. 
Vulcanlate,  aahool  of,  loa 

Warp,  or  tidal  silt  of  riven,  358. 
Waste  and  reconstruction,  agenta  of,  4o> 

70- 
Waste  and  rcconatmction  of  the  earth, 

6. 

Water,  general  geological  action  of,  55. 

Waves,  as  geological  agents,  52. 

Wealden  as  a  group,  2^7. 

Wealden,  l(»cal  Bulidivisions,  378. 


Weathering  effects  of  the  atmosphere, 
Wemerians  or  Neptunists,  xoo. 
Werner's  classification  of  strata,  100. 
Whitsunday  Island,  or  Atoll,  369. 
Wolds,  the  chalk  of  England,  304. 

XiPHODON,    tertiary   mammal,  flgnn 
320. 

2amia  spiralis,  figured,  279. 
Zamites  intermedins,  flgui^,  279. 
Zones  of  oceanic  life,  68. 
Zosterites,  from  Old  Red,  figured,  209 
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